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SECTION 1

INTRODUCTION

Human intervention in aquatic systems must be regulated to protect the
environmental quality of waters. The extent to which such intervention is
controlled has traditionaly been determined by a combination of
technological and use-based controls. The framework discussed here permits
the continued use of technology-based controls; however, consideration of
use-~based controls will be amplified because the need and availabile
information indicates that water quality, a surrogate for use designations,
1s now useful and appropriate for Chesapeake Bay and tidal tributaries.

In the Bay system an effective approach is to emphasize specific
environmental quality goals for waters based on the uses desired of them.
For example, an oystering area should have different environoental quality
goals than a harbor. Quality criteria, where practical, should be related
to a range of envirommental goals, so that the addition of materials can be
tailored to comply with the best uses of the waters. The advantage of this
approach is that criteria can be defended for selected materials because
they support attainment of specific uses.

Relationships between pollutant concentrations and biological effects
in estuaries are not well understood scilentifically. Estuaries are complex
because of their congruent marine and fluvial influences. As better
definition occurs between ccological processes and patterns of observable
phenomena, it is anticipated that this proposed framework will provide the
basis for evolving what is now a static characterization of ecological
relationships into a dynamic framework. However, the present state-of-
the-art suggests that simple linear approximations of inherently non-linear
processes is a reasonable place to begin the process of data organization.
The calculus of an Environmental Quality Classification Scheme (EQCS) must
avait further scientific understanding of the Bay as an ecosystem (U.S. EPA
1982a; also Appendix F, this document). For this reason, the EQCS is
likely to be greatly improved in the future as our scientific understanding
increases., Although imperfect, this tool provides guidance for management
decisions and suggests areas needing scientific study.

RATIONALE

Users of the environmental quality classification scheme may infer that
attainment of a criterion value will result in meeting its associated
objectives. However, attaining criterion values can never assure that
environmental objectives will be met because criterion values are analogous
to limiting factors. In the same sense that adding nutrients will not
stimulate phytoplankton growth 1if light is limiting, attaining water
quality criterion values will not promote development of a desired
biological resource if some other factor limits its well-being. Thus, the
proper interpretation of water quality criteria is that thelr attainment
will not guarantee that environmental objectives will be met; on the other
hand, water quality inferior to criterion values will not support the
environmental objectives.
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When water quality criteria are developed in assoclation with
environmental objectives, the criteria must be seen as a composite rather
than as a set of isolated variables. This concept represents a significant
advance over our previous notion of criteria as single isclated variables.
It is a holistic approach that accounts for the interaction of many factors
in supporting biological resources (i.e., an ecosysten perspective).

Criterion values are based on the attainment of a given use. Because
of the high salt content in the estuary, the water is seldom considered for
drinking purposes, except in the tidal-freslh zone. However, recreation and
various fisheries aud their supporting food-webs rank high among the
traditional uses, especially for Chesapcake Bay and tidal waters., It is in
this context that the discusslon of the development of a framework for an
environmental qualiry classification scheme will be focussed.

The framework is probably most reliably applied to situations in which
the environmental objective is to maintain uses at their existing level or
to permit some degradation. These situations are better documented with
data. There is less certainty in applying water quality criteria to
improve uses because there are less data to describe such situations. It
is not known how much time is required for a system to recover once uses
have been lost, mor is it known when a system is so degraded that it is
technically impossible to restore certain uses to it. The classification
scheme is probably most reliable under normal climatic conditions. Effects
of extreme conditions and catastrophic events are not accounted for.

OBJECTIVE

In this appendix, a framework for a classification scheme for nitrogen
and phosphorus is developed, relying on the relative difference between
segments of the Bay to develop a continuum. Deep-water anoxia in the main
Bay is discussed and first order estimates of its importance, biological
consequences, and possible causes and controls are offered. For toxic
components in sediments, the contamination index developed im the
characterization report (Flemer et al. 1983) is used to rank segments
against pre-Colonial metal concentrations. In both the nutrient and
sedimentary toxic schemes, more emphasis is placed on nutrients as compared
to toxic substances because we have more information to relate nutrients to
biological efforts. An attempt is made to qualitatively relate important

- ecological thresholds, but the schemes are not combined.
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SECTION 2

DEVELOPMENT OF A CLASSIFICTION SYSTEM FOR NUTRIENTS

To derive water quality ranks, several analytical approaches were
attempted. First, the Vollenweider function (Vollenweider 1968) for each
tidal-fresh segment, as well as for Cb-1 and CB-2, was computed using
historic nutrient loadings (corrected for changing population, point
sources, land use, and fertilizer application rate) from 1950 to 1950.
Residence time for each segment was computed using plug flow, salt-water
fraction, and wodified tidal-prism methods. Tie loads of total nitrogen
(TN), total phosphorus (TP), and the inorganic and organic fractions, were
regressed agalnst observed concentrations of chlorephyll a, disgsolved
oxygen (BQ), and nutrient concentrations in the respective segments. No
statistically significant relations were found and the method was
abandoned.

A second approach, involving retrospective analysis of water quality
and resources, was attempted. Water quality parameters were correlated
against estuarine resources such as submerped aquatic vegetation (SAV), the
juvenile fisheries index, and fish landings. When a statistically
~significant correlation exists between water quality and resources, a
causal relationship may exist. These correlations are discussed in detail
in Flemer et al. 1983,

Figures 1 and 2 illustrate the kinds of relationships that can be
demonstrated between water quality parameters and resources from historical
field data (Figure 1)} and from laboratoery mesocosm data (Figure 2}. The
problem with a classification scheme based on such relationships is that
both the water quality and the resource variables may co-vary with an
unknown and uncontrollable variable such as climate. Further, resources
may be affected by management practices; water quality may be affected by a
change in land use. It was concluded that correlative retrospective
analysls can provide only a first-order estimate of the relationship
between living resources and environmental quality. The correlations which
were obtained could not be inverted; that is, the degree to which improving
water quality will restore resources cannot be quantified. Thus, the
possible causal relationship must be developed independently of simple
correlations before the simple approach can be used with confidence.

The third attempt to develop a classificatlion scheme involved the use
of seasonal TN and TP concentrations in the water column as a relative
index of water quality. This scheme avoids explicit correlations between
water quality parameters and resources, yet permits qualitative comparisoas
between them. Thus, a tidal-freshwater segment might be classified as
“Patuxent-like” or "Rappahannock-like" on the basis of nitrogen or
phosphorus concentrations. The approach assumes that major system featurcvs
(i.e., flushing time, sediment type, tidal-marsh development, etc.)
approximate each other between the tidal-freshwater Patuxent and
Rappahannock River segments.

Total nitrogen and total phosphorus concentrations have long becen used
as indicators of environmental quality in aquatic systems (Jaworski 1981).

The CBP attempted to evaluate estuarine water quality on the basis of N and
P concentrations and the N/P (atomic) ratio, as illustrated in Figure 3.

A-3
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Figure 1. Correlation between percent vegetated stations and annual total nitrogen
of previocus year.
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Figure 2. The response of submerged aquatic vegetation in experimental ponds to

various loading rates of nitrogen and phosphorus (Kemp et al. 1982).
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Plots of this kind have two distinct advantages. First, specific
concentrations or concentration ranges of ecological significance can be
labeled on the concentration axis, permitting water quality managers to
visualize concentration (not load) reductions necessary to make a
Patuxent-like segment into a Rappahannock-like segment. Second, the N/P
ratio provides a first-order estimate of the nutrient that is potentially
limiting phytoplankton production. It is critical to recognize here that
the forms in which N and P present may be more important than the total
concentrations and that other factors, such as turbidity, may actually be
limiting phytoplankton growth. For a detailed discussion of the factors
affecting phytoplankton growth and productivity, see Smullen et al.
(1982). Phytoplankton, on the average, incorporate N and P in the ratio of
16:1 (by atoms), but that ratio can vary from 10:1 to 20:1 {the shaded area
on Figures 3a and b). When the data from specific segments are plotted on
such a diagram, the manager can see which nutrient is potentially limiting
(above the shaded zone, P is potentially limiting; below the shaded zone H
is potentially limiting). If the management objective is reduction of
phytoplankton growth by limiting nutrients, and nitrogen is presently
limiting production, then one can reduce the ambient N concentration from
the field marked A to the concentration field marked B (Figure 3b).
Suppose, however, that N cannot be controlled; then one can reduce P,
increasing the N/P ratio and forcing P to become limiting. Such a
hypothetical scheme is also illustrated in Figure 3b where the initial, and
1f one supposes, the undesirable envelope of concentration is the field
marked A, and the desired (or at least acceptable) field is marked C. To
get from the situation in A to the situation in C without changing the
concentration of N, one must reduce the concentration of P. 4 critical
caveat must be mentioned; the static nature of N/P ratlos fails to give
information on the flux of these nutrient forms among the various
eavironmental compartments (i.e., particulate living and non-living and
dissolved organic and inorganic materials.)

A real example of the hypothetical scenario outlined above involves the
Potomac River. By 1Y70, the tidal-fresh portion of the river received
11,000 kg day~! of P and 27,000 kg day=l of N from wastewater loading.
Advanced wastewater treatment processes, initiated in 1974, were designed
to remove P from the wastewater flow. By 1979, the wastewater load of
phosphorus to the tidal-fresh Potomac had been reduced to 2,400 kg
day=l. The summertime concentrations of phosphorus, plotted against the
N/P ratio for the tidal-fresh Potomac, are illustrated in Figure 4. The
plot shows how the N conceuntration and N/P ratio chauged with institution
of the treatment practices. The plot also shows that, despite accumulation
of N and P in bottom sediments and their release to the water columnn, the
tidal-fresh Potomac responded rapidly (&5 years) and positively to the
poliution control strategy. Figure 4 illustrates the decline in TP
concentration coincident with, and principally caused by, phosphorus
removal from sewage effluents. As phosphorus removal continued, the ratio
of N/P doubled.

The data points for all tidal-fresh segments of Chesapeake Bay
tributaries, and CB-1, Wr-5, and ET-1-4 are illustrated, for summertime
(June, July and August), in Figure 5. The York and Rappahannock plot in
the lower left portion of the graph form a distinct contrast to the Back
River plot. Clearly, estuarine water quality managers can see two
strategies for the Patuxent, for example. The Patuxent is potentially
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nitrogen limited during the warm season, and a reduction of nitrogen
concentration from about 2.6 mg L‘l(the center of most of the “data

cloud”) te 0.6 or 0.7 g L™l could make the tidal-fresh Patuxent become
Rappahannock-like, Alternatively, the ambient nitrogen concentration could
be maintained and phosphorus could be reduced from ambient concentrations
of 0.4 mg 1-1 to 0.15% mg Ll to achieve a water quality status like the
post-1974 Potomac in the summertime.

The N/P ratio does not consider historic (pre~1968) N or p
concentrations, relying instead on the "most desirable” defined as "most
desirable at present.” Because Lboth the York and Rappahanncock Rivers
receive nenpoint source loads from agricultural activities, there is reason
to believe that neither of them are pristine, or as low in nutrient loads
as they were in the past. The N/P ratio, though of utility to managers in
predicting concentration rteductions, does not provide data on load
reductions necessary to achieve the desired concentration reductions. The
N/P ratio also does not explicitly link resources to } or P, except iun a
qualitative way.

Table 1 illustrates a summary of the TN, TP, N/P ratio, and potential
limiting nutrient for all segments of the Bay during the decade from 1970
to 1980 for each season (except winter, for which insufficient data are
available). Table 2 provides the frequency distribution data on the 734
paired nitrogen and phosphorus data points by season. Phosphorus is always
the principal potential limiting nutrient while nitrogen is potentially
limiting less than 10 percent of the time during any season. Almost all of
the cases of potential nitrogen limitation oecur in the Patuxent, Potomac,
James, Rappahannock, and York Rivers. In the first three rivers, both TN
and TP are high; in the latrer two cases, both TN and TP are in low
concentrations.
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TABLE 2. FREQUENCY OF OCCURRENCE OF NITROGEN OR PHOSPHOKUS AS A POTENTIALLY
LIMITING NUTRIENT FOR PHYTOPLANKTON. ALL DATA IN CBF DATA BASE FOKR
1970 TO 1980

Season Spring Summer Autumn
Nutrient (Mar., April, May) (June, July, Aug.) (Sept., Oct., Nov.) TOTALS

TN 15 ( 6%) 17 ¢ 74) 20 ( 8%) 52 ( 7%)
72 42 (18%) 83 (32%) 81 (34%) 206 (28%)
TP3 179 (76%) 158 (61%) 139 (58%) 476 (65%)

TOTALS 236 258 240 734

1Nitrogen is defined as potentially limiting when R/P (by atoms) is less than
or equal to 10.

27The potentially limiting nutrient is indeterminate when N/P (by atoms) falls
in the range of less than or equal to 20 and greater than 1(. :

3PhoSphorus is defined as potentially limiting when N/P (by atoms) is greater
than 20.
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SECTION 3

INSIGHTS GAINED FROM THE LITERATURE

NUTRIENTS AND PHYTOPLANKTONIC STANDING CROPS

Ketchum (1969) analyzed a large body of data and concluded that
phosphorus enrichment in estuaries should be considered at a danger level
when concentrations approach 2.55 ug of L-1 (0.079 mg L™1) in winter
and 1.7 ug of L~1 ¢0.053 mg L‘l) in summer. Carpenter et al. (1909)
found that when Potomac River concentrations of nitrate reached 100 to 150
ug atems per liter (1.4 to 2.1 mg L-1) and phosphorus levels reached 5 ug
atoms per liter (0.155 mg L-1) (high flow{ or when nitrate reached 530 to
70 ug atoms per liter (0.90 to 0.98 mg L- ) and phosphate reached 3 to 5
ug atoms per liter (0.093 to 0.155 my L-1) (low flow), high
concentrations of chlorophyll were produced by Microcytis aeruginosa which
floats to form highly visual discolorations and collects on the Shoreline
in unattractive mats. The conditions were also accompanied by a more
pronounced decrease in dissolved oxygen (=1 ml L‘l) at depth in the
Potomac River than occurred at depth in the upper Chesapeake.

Jaworski et al. (1972), reviewing historical data for the upper Potomac
estuary, indicated that if the concentrations of inorganic phosphorus and
inorganic nitrogen were at or above 0.1 and 0.5 mg L™1, respectively,
algal blooms of approximately 50 ug L1 or more were considered
indicative of excessive algal growthis. Studies of the James River estuary,
a sister estuary to the Potomac, by Brehmer (1967), indicate that nitrogen
appears to be the rate-limiting nutrient.

Based upon several analyses, including bioassays and algal modeling,
Jaworski et al. (1972) developed the following criteria for reversing
eutrophication in the freshwater portion of the tidal Potomac River:

Inorganic nitrogen 0.30 to 0.5 mg L~1
Total phosphorus 0.03 to 0.1 mg L1

These authors indicate that:

The lower values in these ranges are to be applied to the freslwater
portion of the middle reach and to the embayment portions of the
estuary in which the environmental conditions are more favorable for
algal growth. The upper ranges of the criteria are more applicable to
the upper reach of the Potomac estuary, which has a light-limited
eutrophic zone of usually less than 0.6 m in depth.

Studies of the mesohaline portion of the Potomac estuary showed a
relatively sharp transition from freshwater to a typical mesohaline
environment. At the upper end of the 35 km transition zone at Maryland
Point there are primarily freshwater phytoplankton and zooplankton
populations. Above Maryland Point, the salinities are less than two
percent, Predominantly marine forms dominate the lower end of the
transition zone at the Route 301 Bridge, with salinities in summer
approximating 12 ppt. Based on five years of field studles, it appears
that the growth of massive blue-green algal mats are apparently
restricted to the freshwater portions. In the mesohaline environment,
dinoflagellates were often encountered in "red tide” proportions.
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These observations lead to two points of emphasis. in-estuarine
water quality management: 1) fairly discrete biotic provinces may be
identified within a given reach of the estuary, responding differently
to a given stress; and 2) there is insufficient evidence to date to
generalize on nutrient parameters aud hypertrophic conditions in all
portions of a given estuary. Therefore, at the present time no
specific nutrient criteria have been established for the mesohaline
portion of the Potomac estuary.

Figure 6 shows important historical changes in nutrient enrichment
trends and ecological changes for the upper tidal Potomac from 1913 to 1970
(Jaworski et al. 1972). The nutrient concentrations in the upper estuvary
under summer conditrions before 1920 were estimated to be from 0.04 to 0.07
mg L1 of phosphorus with inorganiec nitrogen rangiog from 0.15 to 0.30 mg
1~l. Wwith a reversion to these concentrations, not only should there be
a significant reduction in the blue-green algal population but there should
also be a general reversal in the ecological succession of the community.

The Patuxent River estuary showed large increases in the levels of
nitrate-nitrogen and dissolved inorganic phosphate-phosphorus between 1963
to 1964 and 1968 to 1970 (Flemer et al. 1970, Herman et al. 1967). Table 3
compares the available data on nitrogen, phosphorus, and chlorophyll a for
these two study periods. Salinities were approximately similar between
years at stations used in the comparison. Thus, physical dispersion is
assumed to be roughly similar for each study. Nitrate-nitrogen increased
significantly over the six-year period at the upper and lower river
stations, respectively. The greatest relative increases occurred in the
higher saline waters. A smaller increase was noted in phosphate between
the two periods. Chlorophyll a levels approximated each other over the two
study periods at Lower Marlboro but & significant increase occurred at
Queentree landing from 1963 to 1964 and 1968 to 1970. 1If it is assumed
that the 1968 to 1970 chlorophyll a normalized to uncorrected values would
increase by 30 percent, than the increase in chlorophyll a is more striking.

The data on the Patuxent River estuary are intended to show that the
system responded rapidly to nutrient enrichment. later studies (Heinle et
al. 1980) have shown even higher levels of nutrients and chlorophyll a.
The highest nitrate levels occurred during the winter and apprOximateT} a
four-fold increase between 1963 to 1964 and 1968 to 1970 in nitrate at
comparable salinities (a measure of dilution) was indicative of a six- to
seven—fold increase in chlorophyll a (uncorrected values in 1968 to 1970
estimated to be 30 percent higher than corrected reported values).

During the summer of 1970 in the Patuxent, when the total disselved
nitrogen (NH3, NOj, NO3, and dissolved organic nitrogen) averaged
0.71 mg L1 (N = &) at Lower Marlboro (salinity approximated 1.4 ppt),
the estimated uncorrected chlorophyll a averaged 43 ug L™L (n = 4). At
the Queentree Landing station, the salinity for the summer of 1970 averaged
10 ppt and the total dissolved nitrogen and chlorophyll a averaged (N = 4)
0.26 mg L1 and 52 ug -1, respectively. These data show that
different salinity regimes in the Patuxent correlate differently with the
concentration of nitrogen. The higher saline reach of the Patuxent
exhibited a higher level of chlorophyll a per unit concentration of
nitrogen than the low saline (upper) reach.
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The total dissolved inorganic nitrogen (DIN) in the Patuxent during the
summer of 1870 averaged 0.36 mg L-L ar Lower darlboro and the uncorrected
chlorophyll a level averaged about 43 mg L1, At Queentree for the same
pefiod, the DIN averaged 0.05 mg L1 ang chlorophyll a averaged 5Z ug
L™+,

The Patuxent River data and other studies discussed sugpest that when
the total nitrogen approaches 1.0 myg L-1 in ridal-fresh to brackish
water, then the chlorophyll a levels are likely to reach 50 ug L‘l, a
level of concern or, at 1ea§?, a "danger™ signal concerning aesthetics and
probable low levels of dissolved oxygen. The latter point requires more
information for a calibration to various environmental conditions. During
the summer, much of the nitrogen is incorporated into chlorophyll a related
organic material., The "danger” level of phosphate—phosphorus in
tidal-freshwater is probably near 0.10 to 0.15 mg L7L. The “level of
dapger” of this nutrient form at higher salinities is less certain.
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SECTION 4

SUBMERGED AQUATIC VEGETATION AND NUTRIENTS

Submerged aquatic vegetation (SAV) has declined markedly in Chesapeake
Bay during the past 10 to 15 years (Flemer et al. 1983; Orth and Hoore
1982). Factors related to the decliune are discussed in the CBP
characterization report, Chapter 3, and in Kemp et al. (1982). Submerged
grasses in Chesapeake Bay gencrally are limited in their growth by the
availability of light (Wetzel et al. 1982). Thus, factors that affect the
amount of light that can penetrate the water column will affect the
well-being of submerged grasses. Two such factors are nutrients and
turbidity.

NUTRIENTS

High nutrient concentrations can hinder SAV growth through the
production of phytoplankton biomass. 1In addition, nutrients may encourage
the growth of epiphytes on grass leaf surfaces, decreasing light )
availlability (Twilley et al. 1982). Studies of experimental microcosms
(Twilley et al. 1982) indicate that nitrogen loads resulting in
concentrations of 0.7 mg L1 initiate excessive epiphyte blomass,
phytoplankton growth, and stress of SAV. Phosphorus lcads resulting im
concentrations of 0.15 mg L~! are also stressful. Effects of nitrogen
and phosphorus loads on SAV biomuss were shown in Figure 2. Boyntonl
suggests that nutrient concentrations may be deceptive in assessing effects
on SAV because epiphytes take up so much of the nutrients. He feels that
nutrient loads should be considered as well. From Figure 2 it can be seen
that nitrogen loads of 30 to 060 u mol per week and phosphorus loads of 2.6
to 6 u mol per week are sufficient to reduce SAV biomass.

These results are further substantiated by a significant correlation
between the percentage of sites vegetated and the total nitrogen
concentration in Maryland (Figure 1l). The perceutage of sites vegetated
declined abruptly when total nitrogen concentrations exceeded 0.8 ng
L-l. There was no correlation between phosphorus and SAV, probably
because phosphorus concentrations in most segmeuts are below critical
levels. Rank correlation of expected habitat and total nitrogen for the
entire Bay (Flemer et al., 1983) was also significant. The value of .60 mg
11 total nitrogen is suggested by Lhese results as the highest
concentration that could be expected to support abundant SAV.

lpersonal Communication: "Effect of Nutrient Concentrations on SAV,"
W. Boynton, University of Maryland, CBL, 1983.
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SECTICN 3

NUTRIENTS, DISSOLVED OXYGEN, AND FISHERIES

NUTRIENTS

Excess nutrients may result in excessive production of orpanic
material. This material must ultimately be oxidized, possibly resulting in
depletion of oxygen. Oxygen depletion is most serious in the summer
because increased temperatures cause increased oxygen utilization and
decreased oxygen solubility. Bottom waters are most sensitive teo oxygen
depletion because the pycnocline prevents rapid reaeratlon. The extent of
salinity stratification, a function primarily of freshwater flow, will
determine the extent to which bottom waters can be reaerated from surface
waters.

Deeper waters, like the main channel of Chesapeake Bay, are most
sensitive to oxygen loss. This area has historically been subject to low
dissolved oxygen levels in summer, but the spatial and temporal extent of
low dissolved oxygen have increased in concert with increased nutrients
Flemer et al. 1983). In addition, anoxic waters (zero dissolved oxygen)
now occur regularly in summer, a rare phenomenon in the 1950's and early
1960's (Figure 7). <Changes in dissolved oxygen profiles can be expected to
affect Bay resources, particularly benthic species such as cysters.

DISSOLVED OXYGEN

Many factors other than nutrients affect dissolved oxygen profiles. To
understand these factors, the main channel of Chesapeake Bay was studied in
detail, as described in Flemer er al. 1983. This area has a good
historical record back to 1949 through data collected by the Chesapeake Bay
Institute of The Johns Hopkins University.

pata from two starions in CB-4 for 11 years between 1949 and 1980 were
analyzed. Results indicated that, in July, the difference between dissolved
oxygen concentrations above the pycnocline and those below the pycnocline

(A DO) were related to the extent of salinity stratification (\S) (Figure 8).

Thus, the greater the stratification is, the greater will be the difference
between dissolved oxygen concentrations above and below the pycnocline. This
relationship is independent of dissolved oxygen conceatrations, and depends
only sliphtly on differences in oxygen solubility (Figure 8). 1t can be

concluded that stratification and the concentration of DO above the pycnocline

are the major factors controlling DO concentrations below the pycnocline in
this area of CB-4.

With this relationship it is possible to calculate the concentration of
dissolved oxygen above the pycnocline that is needed to sustain a desired
bottom concentration. ¥For example, if S is 0.50, then the DO level will
be -0.50 (Figure 9). If the pycnocline extends to 8 meters, then

DO upper - DO lower - _0.49

8
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Billions of cubic meters of water

Figuxe 7.

Volume of water
with summer D,.0. =05 miL-*
or less

1950 1955 1960 1945 4970 1975

Year

Volume of water in Chesapeake Bay with low levels of dissolved pxygen,
1950 to 1980,
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I1f the desired concentration below the pycnocline is 0.5 wl L‘l, then the
concentration above the pycnocline must be at least 4.5 ml L1,

RELATIONSHIP TO NUTRIENTS

Officer et al. (1983) have developed a model of the mid-Chesapeake
anoxia phenomena showing that a nominal benthic respiraticn rate of 2.0
QO n—2 day"‘l is adequate to drive the dissolved oxygen level to zero
below the pycnocline. They concluded that the principal factor causing the
anoxic conditions appears to be historic increases in yearly phytoplankton
production which, in turn, are related to the iacrease in anthropogenic
nutrient inputs to be upper Bay. Significant changes in nutrient loads to
the Bay are not seen; however, increases in nutrient concentrations in the
water column and increases in the volume of anoxic water are apparent.

The process of nutrient recycling tends to amplify changes in the
nutrient load from external sources; that is, nutrients, once entering the
Bay, may be used several times before they leave the Bay. The CBP has
estimated the range of recycling that must occur in the Bay to support
observed levels of primary production. For the reach of the main Bay from
CB-1 to CB~5, the nutrient recycling rate varies with season (illustrated
in Table 4). Assuming that N and P are remineralized on the order of 3 to
5 times during the summer, we can now estimate the nutrient lovad reduction
necessary to achieve specified dissolved oxygen concentrations in deep Bay
waters.

The volume of low DO waters is 5 x 1093, To raise that volume
from 0 to 2.8 mg L™L (2.0 ml L1}, (2.88)(5 x 10%3) is needed to
equal 14 x 103 tons 02. For the northern Bay {CBE l-3}, every unit
addirion of P from external sources will yield 4 units of P-based
production during summer, producing 4 x 106 units of carbon with a
potential oxygen demand of 2.5 x carbon (= l0OC units 0) or 500 units
07. To reduce the oxygen demand by 14 x 103 tons, P should be reduced
by 24 x 303 divided by 500 to equal 30 tons P. Similarly, for nitrogen,
the load to the Bay needs to be reduced by 14 x 103 tons divided by 60 to
equal 400 tons. It is probaby much more realistic to assume that only a
fraction of the carbon produced actually is totally oxidized (say 50
percent), and that only a fraction (say 50 percent) of each nutrient is
utilized. 1In that case, 120 tons P andfor 1,600 tons N reduction would be
required to produce vue aeration volume (from 0 to 2.0 ml L~1y. The
computed reductions in nutrient loads are only 3 percent of the annual N
load and 11 perceat of the annual P load from the Susquehanna River to the
Bay.

The point of the above exercise is to demoustrate that the DC content
of deep waters of the Bay is very sensitive to changes in external nutrient
supply. These small changes in external load camnot be detected by
existing monitoring programs. Further, these small nutrient additions need
not come from the Susquehanna River; they are such a small proportion that
they could be advected from further down Bay or from adjacent tributaries.
Finally, the CBP has no feeling for the importance of the timing of the
nutrient additions. It cannot be said that a load reduction of 120 tons of
P over the year is adequate or if all of the reduction must come, for
example, from the spring load. It can be concluded, however, that to
improve the deep water dissclved oxygen levels, nutrient inputs to the main
Bay must be reduced.
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RELATIONSHIP TO FISHERIES

Nutrient-related food web shifts can affect the well-being of fish
species (Ryther 1954). Nutrient eanrichment can also affect fish through
changes in dissolved oxygen profilles. gGrowth of oyster larvae ceases when
dissolved oxygen concentrations reach 1.7 ml L~l; adults can survive up
to five days at concentrations of 0.7 ml L—1 or less, but undergo
stressful anaerobic metabolism (Galtsoff 1964). Sublethal oxygen stress

can make oysters more susceptible to diseases.

As the volume of water coutaining low dissolved oxygen increases, the
depth at which oysters can survive becomes shallower. This results in loss
of potential oyster habitat. For example, 1f the depth of low dissolved
oxygen changed from 10 meters to 9 meters depth, approximately 221 million
square meters of potential oyster habitat would be lost from segment CB-4.
As indicated in Table 5, the area of Chesapeake Bay bottom covered by low
dissolved oxygen has Increased since 1950; as a result there have been
significant losses of potential oyster habitat.

TABLE 4. ESTIMATE OF NUTRIENT RECYCLING FOR CHESAPEAKE BAY -- (CB 1-5).
ALL VALUES IN 106 LBS. DATA FROM SMULLEN ET AL. 1982

Minimum Recyclingl

Spring Summer Fall Winter

N P N P N P N P
Required to 116 15 250 34 140 19 55 8
Support Production
Entering Bay 108 744 59 12 5% 4.5 78 6
In Bay 18 0.5 23 5 21 .3 18 0.
Recycled 2 0 7.5 168 22 64 14 ~4] 1..
% Recycled 3 0 50
Maximum Recycling,“
Required to 110 15 250 34 1540 19 : 55 8
Support Productign
Entering Ray 9.5 2.3 18 0.8 21 0.8 36 .
In Bay 18 0.5 23 5 21 0.5 18 .l
Recycled 2 42.5 12.2 209 28,2 98 17.7 - 1 54
% Recycled 38 80 83 82 70 93 1 73

lassumes that all tributary nutrient loads from all sources reach the Bay.
2Required to Support Productivity (Entering + in Bay) = Recycled
3% Recycled = Recycled divided by required x 100

4pssumes that all tributary nutrient loads remain in tributaries and that
the only Bay source 1s the Susquehanna River,
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TABLE 5. AREA OF CHESAPEAKE BAY BOTTOM AFFLCTED BY LOW DISSOLVED OXGYEN
(DO) WATERS IN SUMMER; ¥ = PERCENT OF BAY SEGMENTS CB 3, 4,
AND 5 IMPACTED

DO Level July 1950 July 1969 July 1980
ml -1 m2x106 % mex106 % m2x1006 %
0.5 62.3 2.1 344.0 11.3 603 19.9
1.0 228.0 7.5 535.0 17.6 789 26.0
2.0 824.0 27.2 629.0 20.7 1196 39.4
3.0 1191.0 39.3 889.0 29.3 1417 46.7
4.0 1545.0 50.9 1455.0 48.0 2022 66.7

Dissolved oxygen is also important to the survival of finfish. Five
ml L-1 dissolved oxygen in surface waters is generally considered to be
the minimum requirement for most semsitive species. This value is
consistent with maintenance of 0.5 ml L~l at the bottom, as previously
discussed. Lower oxygen concentrations may stress American shad, whose
LCsp is 3.6 ml -1 (Kaumeyer and Setzler-Hamilton 1982). To maintain a
minimally diverse estuarine fishery, at least 2 to 3 ml L-L should be
maintained (Thornton 1975).
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SECTION 6
METHODOLOGY FOR DEVELOPING DEGREE OF METAL CONTAMINATION

INTRODUCTION

Toxic substances may be naturally occurring materials, like lead,
copper, or crude oil, which have been added to the estuary in harmful
amounts by human activities. They may also include artificial materials,
like Kepone, which are synthetically produced. These organic and inorganic
materials may occur in bewildering varieties and forms in the Bay.
Considerably less information is available about the relationship between
specific toxic substances and their effects on Bay plants and animals, than
is known about the nutrieants nitrogen and phosphorus.

To assess trends for the occurrence of metals in Chesapeake Bay, one
can use sediment cores which document changes over time. A sedipent core,
analyzed for trace metals and with an established geochronology, can be
used to estimate trace metal inputs, assumming no diagenetic migration of
metals through the length of the core. Such an analysis must be conducted
carefully, for the burrowing activities of benthic organisms in oxic
environments can disturb the sedimentary record, create an "artificial”
210pb distribution, and influence trace metal patterns.

Several techniques have been devised to estimate the degree of
contamination of sediments by metals. Turekian and Wedepohl (1961)
developed data on the average concenLration of trace metals in various
sedimentary rocks. Often contanination in modern sediments is identified
by the ratio of metal in the sample to metal in an average shale (or
sandstone); this ratio is termed the Wedephol ratio. The problem with this
technique is that there is no compelling evidence that natural James River
sediments, for example, should have the same concentration of a particular
metal as the average of all of the earth's shales. Other investigators
have chosen to normalize trace metal concentrations to some metal present
in sediments in such high concentrations that it is unlikely that
anthropogenic sources could influence it to a significant degree.

The metal frequently chosen to ratio against is iron. Unfortunately,
iron is relatively mobile after burial, and significant quantities can
migrate through sediment pore waters. Still other investigators suggest
normalizing the metal content of sediment samples to the grain size of the
sediment. There is usually a strong inverse correlation between sediment
size and metal content. Grain size, though, is only a rough indicator of
particle surface area, sediment organlc content, and sediment mineralogy,
any or all of which are the probable cause of high metal concentration in
fine sediments.

Chesapeake Bay Program scientists have applied a different approach to
the estimation of the degree of metal contamination in Chesapeake Bay
sediments. By using pre-colonial Chesapeake sediments, the use of
potentially mobile metals like iron has been avoided; by measuring silicon
and aluminum, sediment grain size and wmineralogy have been accounted for
sinultaneously (sands are mostly quartz, and silts, [as size terms], and
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clays may be either quartz or clay minerals). A detalled discussion of the
rationale and assumptions used In developing the Contamination Index is
found in Flemer et al. 1983.

CONTAMINATION INDEX

The Contamination Index (Cy) for surface sediments by metals can be
developed by combining data on the anthropogenic concentration of
individual contaminants and summing these contaminant factors (Cg). The
Cf value for each metal is computed and all of the Cf values for a
given sediment sample are summed to produce the index of contamination,
CI:

I
= - =

Tihts method of characterizing estuarine sediments gives equal welght to all
metals, regardless of absolute abundance, and has no inherent ecological
significance. When this index is combined with bfo-toxicity data, 1its
biological importance can be assessed. Where individual metal Cg¢'s exceed
1.0, they contain specific metal concentrations that exceed natural
Chesapeake sediments by 100 percent. These C¢'s are based on the

correlation of Si/Al and metal content. They should be Interpreted as
departures from the natural, deep metal concentration. The correlation of
metals with $i/Al ratios should not be interpreted as causation. Controlling
parameters for metal concentrations may well be redox, pH, organic, or sulfur
species present.

A computer search was conducted for all available surface sediment metals
data in the Chesapeake and its tributaries. Values could be developed to
calculate contamination factors for each metal. The sum of these fndividual
contamination factors, that is, the degree of contamination, is plotted in
Figure 9. This illustration represents our best esilimate, using all
avalilable data, of the potential metal contamination, from anthropogenic
sources, of the surface sediments of the Bay and its tributaries. No data
exist near to shore, and large local Increases should be expected close to
outfalls. These variations have not been indicated on Figure 9.

The Toxicity Index closely relates to the Contamination Index and is
defined as:

i=26 M
Ty = 'E‘ . cfy
i=1 M
where My = the "acute” anytime EPA criterion for any of the metals,
but My 1s always the criterion value for the most toxic of the six
metals.

The "acute" anytime EPA critericn is the concentration of a material
that may not be exceeded in a given environment at any time. This value
may be different for different environments. The criterion values are
calculated by standardized procedures using data from in-house EPA studies
and from published scientific literature (U.S. EPA 1982b). The details of
the method are explained in Appendix D of Flemer et al. 1983.
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The Toxicity Index was calculated for every station whaere the
Contamination Index was calculated. Fach station was given an average
salinity value based upon its geographical location and available salinity
data (Stroup and Lynn 1963). Because the toxicity of metals is often
greater in freshwater than in salt water, each station was characterized by
its minimum salinity. Bottom salinities were used in every case.
Freshwater stations were those with salinities less than 0.5 ppt, and these
were assigned criterion values for freshwater at 50 ppm hardness. Brackish
stations were those with salinities between 0.5 and 5.0 ppm, and these were
assigned criterion values for freshwater with a hardness of 200 ppm.

-Stations with salinities preater than 5.0 ppt were assigned criterion
values for salt water.

A contour map of Toxicity Indices using logarithmic Intervals again
shows a high level of contamination in Baltimore Harbor, but with the
apparently associated high indices in the adjacent main Bay, restricted
largely to the axis of the Bay (Figure 10). Additiomally, the sediments in
much of the lower James River are relatively uncontaminated by toxic
metals; only those sediments off Norfolk and near Portsmouth are highly
contaminated. Comparison of contour maps of Ci versus T1 reveals areas
of similarity, as would be expected. In general, however, the Toxicity
Index map shows more details of structure and variation within an area than
does the Cy; map. Areas of greatest toxiciry, such as Baltimore Harbor,
an area extending northward to the Susquehanna Flats, the Northeast River,
the lower Rappahannock, upper York, and the Elizabeth River, are also most
- contaminated using the C1 method. 1In addition, the lower Patuxent River
and several smaller tributaries of the lower James have high Toxicity
Indices. Moderately high values of the Ty occupy the central and upper
Bay maln stem and lower reaches of most western shore tributaries, except
the James River. 1In general, this pattern follows the distributicn of
finer sediments in Chesapeake Bay, which is not unexpected, as heavy metals
are associated with the silt and clay fraction of the substrate.

Though a contour map based on logarithmic intervals allows a general
analysis of metal contamination of the Bay's sediments, the Toxicity Index
at stations within a contour interval can vary greatly, especially within
the interval containing the highest values. Toxicity Indices for stations
in Baltimore Harbor range from 3.2 to 2,691.4 and reflect considerable
differences in the expected toxicity of the sediments.
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Figure 10. Toxicity Index of surface sediments in Chesapeake Bay.
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SECTION 7
DISCUSSION AND CONCLUSIONS

This appendix provides a management focus on information used in the
development of a classification or ranking scheme of envirommental factors
assoclated with the distribution and abundance of the biota. This approach
provides a mechanism to integrate information that characterizes the
requirements for growth, reproduction, survival, and migration of the
-biota. Once a “target level” of an environmental factor (e.g., nutrients
and toxic substances in our analysis) is ldentified, then managers have a
better basis to decide if the factor should be controlled. Control implies
decisions regarding human use which inherently involves human value
judgements. In this context, scientific information is used to define
relational aspects among variables and management exercises the perogrative
of defining levels of use or application of terms such as good, bad, or
fair.

As a cautionary note, it is important to understand that the
relationships discussed in this chapter are largely corxelative in nature.
There exists the possibility and, indeed, the probability, that under
different envirommental conditions the relationships will change. It is
the nature of this change that future studies are likely to provide an
increased understanding.

In summary, Table & is provided for easy reference and a synthesis of
information described in the text. These "target levels” are offered with
the assurance that future work will improve their scientific basis. They
are preliminary and over-drawing their meaning and ignoring the substantial
uncertainty associlated with them as guidance will only serve to deceive the

user.

It should be noted that little information is available ro make
first—order estimates of the relationship between living resources, and
water and sediment quality factors. Under some circumstances, meeting
up-estuary target levels will benefir the down-estuary problem; however,
lower estury regions are also under the influence of more seaward regions
because of the two-layer circulation pattern in much of the Bay system.
Recognizing these constraints, the CKP has nonetheless made an attempt to
develop target criteria for nutrients and toxic substances. Table 7
provides the best estimate of the relationship between these criteria and
environmental quality objectives. Broad ranges between classes, as well as
the small number of classes, illustrates the lack of precision in setting
class limits. It is anticipated that both accuracy and precision can be
improved dramatically in the near future.
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TABLE 6. SOME RELATIONSHIPS BETWEEN LIVING RESOURCES, SYSTEM FEATURES,

NUTRIENTS, AND TOXIC MATERIALS

Environmental Variable

Resource Variable Toxicity Index Dissolved Oxygen Nutrients
Diverse open water 5 mg L-1 0.6 mg L-1 - TN
fishery (tidal freshwater (3.6 ml L-1) 0.1 mg L~1 - 7p
and oligohaline waters)

SAV! (oligohaline to .6 mg L7~ Ty

meschaline waters)

Oysters? (mesohaline 2.5 wg 171
waters of main-Bay) (1.8 ml L“l)
Minimially diverse 4 mg -1
finfishery (tidal (2.9 ml L1y

freshwater and
oligahaline waters)

Surface sediments Low (1.0)
{selected biota) Medium (1.0 to 10.0)
High (10.0)

York River-1like

6
Jdmg L7l -7

0.7 mg L1 - 7w
0.06 mg L~1 - TP

Note: approximately 6.3 wg L-1 Do (4.5 mg L‘l) above the pycnocline is
required to maintain 0.7 mg L=l po (0.5 ml L‘l) at the bottom of the

deep channel of the main Bay.

lyin require slight but yet undetermined reduction in levels of TN and TP in

tidal-freshwaters over 0.6 mg L1 TN and 0.1 mg L-L1 1P,

2Approximation based on the assumption that mid-1960's data represent a
nominal excursion of oxygen-limiting waters onto the nid-Bay shelf. This

estimate needs further calibration.
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TABLE 7.

CLASSIFICATION SCHEME

A FRAMEWORK FOR THE CHESAPEAKE BAY ENVIRONMENTAL QUALITY

Class Quality Objectives Quality Tj; H TP
A ‘Healthy supports maximum diversity Very low 1 0.6 0.08
of benthic resources, SAV, enrichment
and fisheries
B Fair moderate resource diversity moderate 1-10 0.6-1.0 0.08-0.14
reduction of SAV, enrichment
chlorophyll occasionally
high
C*  Falr a significant reduction in high 11-20 1.1-1.8 0.15-0.20
to resource diversity, loss of enrichment
Poor SAV, chlorophyll often high,
occasional red tide or blue-
green algal blooms
D Poor limited pollution-tolerant significant 20 1.8 0.20
resources, massive red enrichment
tides or blue-green algal
blooms
Note: Tj indicates Toxicity Index; .
TN indicates Total Nitrogen in mg L—l;

TP

indicates Total Phosphorus in mg L-1,

* .
Class C represents a transitional state on a continuum between classes B

and D.
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SECTION 1

POPULATION DATA FOR THE CHESAPEAKE BAY BASIN

METHODOLOGY

Population statistics were compiled for the years 1950 to 2000 for
the Chesapeake Bay basin and its major sub-basins. Historical
estimates (1950 through 1980) were derived from the U.S Population
Census. The following sources of data on population projections (1990
and 2000) include state estimates based upon the 1980 Census, unless
noted otherwise:

Delaware Office of Management, Budget, and Planning
District of Columbia Bureau of Economic Analysis, U.S. Dept. of
' Commerce

Maryland Department of State Planning

New York New York Department of Environmental
Conservation

Pennsylvania Department of Environmental Resources

Virginia Department of Planning and Budget

West Virginia Department of Economic and Conmunity
Bevelopment

The state projections used have been approved by the EPA for use
1n water quality management planning. Data for counties situated in
more than one sub—basin were converted to sub-basin level data in
proportion to the estimated county land area in each sub-basin; data
for Pennsylvania were aggregated to the sub-basin level by a more
accurate analysis by the state.

The data have been aggregated in the following tables:

Table 1-- Chesapeake Bay Basin Population, 1950 to 2000;

Table 2-- Chesapeake Bay Basin Population by State;

Table 3—— Chesapeake Bay Basin Population Above and Below the Fall Line;
Table 4-- Chesapeake Bay Basin Population by Major River Basin; and
Table 5-- Chesapezke Bay Basin Population by Minor Sub-basin.

Data i{n Table 5 have been plotted in Figure 1 through Figure 16 to
illustrate trends.

TABLE 1. CHESAPEAKE BAY BASIN POPULATION, 1950 TO 2000 (IN THOUSANDS)

1950 1960 1970 1980 1990 2000

8,447.5 10,018.7 11,772.3 12,652.6 13,743.6 14,567.4
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Figure 7. Population trends from 1950 to 2000 in the Eastern Shore

PATUXENT

1950 % 195.6000
// //

||||||||

Figure 8. Population trends from 1950 to 2000 in the Patuxent basin .

B~5

ARO0003856



POTCMAC (ABOVE FALL LINE)

\

N

1]

‘ i 1
400 8O0 1200 1600

Figure 9. Population trends from 1950 to 2000 in the Potomac (above
the fall line)

POTOMAC (BELOW FALL LINC)

>
/ .

22222222

1200 1830
POPULATION X 1000

Figure 10. Population trends from 1950 to 2000 in the Potomac (below
the fall line) o

ARO0003857



RAPPAHANNOCK

/////////////

.......

Figure 11. Population trends from 1950 te 2000 in the Rappahannock
basin

PIANKATANK AND MOEBJACK BAY

YEAR

///W/////// o

Figure 12. Population trends from 1950 to 2000 in the Piakatank River
and Mobjack Bay

B-7

ARO0003858



YORK (ABOVE TALL LINE)

YEAPR 0P

1950 W ¢3.R000
1960 //////// 471000

2000 W 19,7000

A

+ [ - 1 i '
20 &G 60 534] 100 120

POPULATION X 1000

Figure 13. Population trends from 1950 to 2000 in the York basin
(above the fall line)

YORK (BELOW FALL LINE)

MIDFOINT
TYPE YEAR eop

S POPULATION 1950 % 36.1000
L7,
1960 % //// 47.90090

20 60 £ 100 120

POPULATION X 1000

Figure 14. Population trends from 1950 to 2000 in the York basin
" {(below the fall line)

ARO0003859



JAMES (ABOVE FALL LINE)

T
-

Figure 15. Population trends from 1950 te 2000 in the .James basin
(above the fall line}

JAMES (BELOW FALL LINE)

0 7 7

1200 1630

ure 16. Population treads from 1950 to 2000 in the James basin
{below the fall line)

B-9
ARO0003860



TABLE 2. POPULATION IN THE CHESAPEAKE BAY BASIN, 1950 TO

2000, BY STATE

1950 1960 1970 1980 1990 2000
(in 000's)
New York 551.3 616.8 65¢.1 658.8 718.1 755.0
Pennsylvania 2613.7 2720.0 2877 .4 3102.0 3312.0 3393.8
Maryland 2318.8 3074.9 3893, 4187.9 4476.0 4727 .4
Delaware 48.8 71.2 84.7 98.1 107.6 121.7
Digtrict of
Columbia 802.2 764.0 756.5 634.0 632.0 626.0
West Virginia 118.9 120.7 125.5 158,0 193.1 228.8
Virginia 1992.8 2651.1 3378.2 3813.8 4304.8 4714.7
Total 8447.,5 10018.7 11772.3 12652.6 13743.6 14567.4

TABLE 3. POPULATION IN THE CHESAPEAKE BAY BASIN, 1950 T0 2000, BY AREAS ABOVE

AND BELOW THE FALL LINE

195G 1960 1970 1980 19%0 2000
(in 000's)
Above the
Fall Line 4288.2 4715.2 5184.9 5732.3 6293.9 664G.8
Below the
Fzll Line 4159.3 5303,5 6587.4 6920.3 7449 .7 7917.6
Total 8447.5 10018.7 11772.,3 12652.6 13743.6 14567 .4
TABLE 4, POPULATION IN THE CUESAPEAKE BAY BASIN, 1950 TO 2000, BY MAJOR
RIVER BASIN
1950 1960 1970 1980 194Q 2000
{(in C00's)
Susquehanna 30%6.7 3268.3 3468.8 3693.5 3961.2 4080.6
Eastern Shore 282.7 332.4 356.5 415.5 451.7 485.9
W. Chesapeake 1365.6 1662,2 1860.0 1874.9 1925,2 1593.8
Patuxent 195.6 346.5 586.5 678.1 7176.2 851.1
Potomac 2106.8 2676.,5 3397.6 3659.6 4065.8 4390.8
York-
Rappahannock  217.3 248.2 330.0 406.1 467.5
James 1206.3 1515.5 ©1854.7 2001.0 2157 .4 2287.6
Total 8447.5 10G18,7 11772,3 12652.6 13743.6 14567.4
B-10
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TABLE 5. POPULATION IN CHESAPEAKE BAY BASIN, 1950 TO 2000 (IN THOUSANDS), BY
MINOR BASINS

Minor Basin 1450 1960 1970 1980 1990 2000
Susquehanna

above Sunbury 1387.9 1391.9 1437.0 1450.3 1562.5 1619.8

West Branch 357.6 378.0 396.8 430.7 459.9 473.3

below Harrisburg 650.7 821.0 938.7 1068.1 1153.6 118l.4

Sunbury-Harrishurg 386.4 383.0 412.8 440.2 470.5 484.5

to Juniata 274.1 283.8 263.5 248.2 314.7 321.6
Eastern Shore 282,7 332.4 356.,5 415.5 451.7 485.9
West Chesapesake 1365.6 1662.2 1860.0 1874.9  1Y25.2 1943.9
Patuxent 195.6 346.5 586.5 678.1 776.2 861.1
Potomac

above the fall line 757.6 971.7 1188.4 1404.6 1601.4 1758.0

below the fall line 1349.2  1704.8 2209,2  2255.0 2464.4  2632.8
Rappahannock

above the fall line 51.4 56.0 64.2 8o.l 107.2 123.8

below the fall line 44.6 47.5 50.8 63.8 75.8 85.6
York

above the fall line 43.8 47.1 54.7 78.6 101.2 119.7

below the fall line 36.1 47,9 58.2 75.5 90.6 102.8
Piankatank and

Mobjack Bay 17.9 18.8 20.3 26.0 31.3 35.6
James

above the fall lime 338.7 372.1 408.8 469.5 522.9 567.7

below the fall line 867.6 1143.4 1445.9 1531.5 1634.5 1719.9
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SECTION 2

LAND-USE METHODOLOGY AND DATA

It is difficult, Iif not impossible, to derive precise land-use
statistics for the Chesapeake Bay basin. There is as yet no accepted
national system, and states and lower political sub-divisions tend to
collect land~use information only sporadically, using many different
methods. As with population, land use is rarely compiled by watershed.
{The exception is the HMaryland Automated Geographic Information System
{MAGI) used by the State of Maryland).

Gaining a picture of past land-—use trends is difficult because of the
lack of information prior to the early 1970's. Reliable information even
for the recent past is not consistently available throughout the
watershed. The first land—use mapp of the Bay was done experimentally by
the USGS as part of the CARETS project. This information was used by the
Corps of Engineers in their existing conditions study but, unfortunately,
it does not exist for the whole basin. The figures are by county, and
there is some question about the accuracy of this data.

More recently, the USGS has mapped land use for all of the states in
the basin, but has only generated statistics for Pennsylvania, Delaware,
District of Columbia, West Virginia, and a small portiom of Maryland. This
analysis is known as The Land Use and Land Cover System and is related to
an earlier system called LUDA.

Maryland has had a computerized land-use information system, MAGI since
1873. New York has had a similar system, LUNA., Virginia has had no state
land-use inventory. Pennsylvania has helped finance data analysis of the
USGS Land Use and Land Cover System for state needs.

Although there is no consistent accounting of land-use trends in the
Chesapeake Bay Basin, several sources of information do indicate major
shifts in land use throughout the reglon. Statisties on agricultural
land~use have been collected using surveys and other methods by the Census
Bureau since the mid 1800's. In addition, the U.$8. Forest Service has been
conducting periodic state forest resource surveys since the 1940's. Because
there are some biases in the data from these sources, it is misleading to
comnpare them directly with data obtained from maps. These surveys are,
however, reasonable estimates and are internally comsistent because data
have been collected using similar methods over time.

These two sources were used to develop a set of consistent, basin—wide
land-use statistics {on cropland, pasture land, forest land, and other
land) which indicate major shifts in land use. Data are reported by county
in the two sources described above. With the adjustment factors used in
the population analysis, data for each county that drains to more than one
sub-basin were disaggregated in proportion to the county land area in ecach
sub=basin.

Census of Agriculture data are collected every four or five years. For
this analysis, the 1949, 1959, 1964, 1969, 1978 records were used to
represent 1950, 1960, 1965, 1970, and 1980, respectively. The land~use

B~12
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data in the 1969 Census of Agriculture were collected using sampling
techniques that differed from other (ensus years, so this data set was not
used to look at trends. To construct trends, estimates were extrapolated
from ad jacent record years to represent agricultural land use in 1955,
1970, and 1975. Total cropland was calculated as the sum of two of three
census cropland categories, "cropland harvested” and "cropland not
harvested and not pastured,” excluding “cropland used only for pasture.”
This third land use was added to “woodland pastured” and "other pasture"” to
represent total pasture land. Farmland reported in the Census and not
included in this analysis was contained in the categories “woodland not
pastured” and “other land.” The “total cropland” and "total pastureland”
shown in the Census, therefore, would not agree with the CBP estimates.

The U.S. Forest Service has been conducting periodic state forest
resource surveys since the 1940's. Surveys conducted for the states in the
Chesapeake Bay basin are shown below in Table &é. Unfortunately, surveys
were not conducted on & regular basis as in the Census of Agriculture, so
surveys closest to 1955, 1965, and 1975 were chosen to represent these
years. For the trend analysis, it was assumed that 1950 forest cover was
equal to 1955 and 1980 forest cover was equal to 1975 data. For 1960 and
1970, estimates were made by extrapolating from 1955, 1965, and 1975 data.
Where no reliable Timber Survey or Census of Agriculture data existed,
missing figures were estimated by extrapolation.

TABLE 6. U.S. FOREST SERVICE TIMBER SURVEYS CONDUCTED FOR BAY—AREA
STATES BETWEEN 1950 AND 1980, AND USED TO CONSTRULT LAND-USE

TRENDS
CBP Apalysls Year 1950 and 1955 1565 1975 and 1980
Maryland Timber Survey 1950 1964 1976
Pennslyvania Timber Survey 1955 1965 1978
Virginia Timber Survey 1957 1465 1976
Delaware Timber Survey _ 1972 1972
West Virginia Timber Survey 1975

Timber survey categorles varied by state and year. They included total
commercial; private, public, and non—commercial; and total forest land.
Total forest land was used to indicate the percent forested land in the
trend analysis. For counties covering more than one basin, adjustment
factors {percent county land area in each sub-basin) disaggregated data to
the sub-basin level.

Historical forest and agricultural data were then summarized for each
county and sub-basin. The land in each county not accounted for by the
Census of Agriculture or Timber Surveys was placed in the category called
“other land". This catch-all category may include residential, commercial,
other urban land uses, institutional land, wetlands, highways, idle, or
other types of land uses. For example, two sub—basins have high (above 10
percent) percentages of "other” land in 195G -~ the Eastern Shore (21.0
percent), which has extensive wetlands, and the West Chesapeake basin,
(14.7 percent) which encompasses the urbanized Baltimore and Annapolis
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region. The sub-basins which show the greatest increases in urban land
from 1950 to 1980 are also those which experienced the greatest population
growth (Potomac, Patuxent, and West Chesapeake).

Most of the increases in "other” lands between 1950 and 1980 arc
assumed to be due to growth in primarily residential, commercial, and other
urban lands and, secondarily, to the establishment or expansion of military
bases, other Federal lands, universities, and other institutions occupying
large tracts of land. The tremendous growth of “other" land in the
Patuxent basin (3.4 to 35.4), for example, may be accounted for by
residential and commercial growth in the Laurel, Columbia, Bowie, Crofton,
and Lexington Park areas, although expansion of institutional and public
lands has also played an important role. Further analysis is needed to
determine how much land acreage was established, and when, for the
following (and compare this infermation with data of ground-breaking and
expansion of towns noted above): Patuxent Naval Air Station, Patuxent
Wildlife Research Center, Bowie State College, Fort Meade, Agricultural
Research Center, Baltimore-Washington Parkway, Rocky Gorge, Tridelphia Dam,
etc. The Eastern Shore “other” land increased by only one-third (20.7 to
30.1); however, the total rose 10 percentage points. Further analysis
would help determine the primary land-use conversions in this area. In
summary, the “other™ land-use category is assumed to indicate the relative
rates of urbanization throughout the Bay basin,

Historical land use estimates for cropland, pasture, forest, and other
land uses are presented in Table 7 through Table 10U, as follows:

Table 7 —— Estimated Land Use in the Chesapeake Bay Basin, 1950, 1955,
1560, 1965, 1$70, 1975, 1980;

Table 8 —— Estimated Land Use in Major Sub-basins of the Chesapeake Bay,
1950 to 1980;

Table 9 ~- Estimated Land Use in Minor Sub~basins of Chesapeake Bay Basin,

1950 to 1980;

Table 10 ~- Estimated Land Use in Chesapeake Bay Basin, by State, 1950 to
1980; and

Table 11 -- Chesapeake Bay Basin Land Area, by State,

In addition, trends in each of the minor sub—basins are plotted ip Figure
17 through Figure 32,
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SUSQUEHANNA (MOUTH TO HARRISBURG)

w75 IO 22.

1880 m 24.
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FOREST 1950 YL 2 2277 27.8.
1960 77727777, 28.8

1975 7SS 28.4
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PASTURE 1950 12.9
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1960 12.2
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1970 10.4

1975 9.3
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OTHER 1950 12.6.
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1970 19.6
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-

Figure l7. Land-use trends from 1950 to 1980 in the Susquebanna basin

(mouth to Harrisburg) :
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SUSQUEHANNA (HARRISBURG 10 SUNBURY)

LANDUSE YR PERCENT
FOREST 1950 48.5
1955 48.5
1960 S0.6
1965 52.8
1970 51.6
1975 50.5
1980 50.5
PASTURE 1950 8.0
1955 7.7
1960 7.4
1965 6.8
1970 6.4
1975 6.0
1980 5.6

CROPLAND 1950 m 33.1
1960 m 29.8
1965 m 27.6
1970 m 26.9
1975 m 26.3
1980 m 25.7
OTHER 1950 [RK] 10.2
155 DOQ 121

1960 ' 11.9
1965 12.6
1970 14.8

1975 m 16.9
1980 NOOG 18.0

PERCENT

.

Figure 18. land-use trends from 1950 to 1980 in the Susquehanna basin
{(Harrisburg to Sunbury)
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Figure 19. Land-use trends from 1950 to 1980 in the Susquehanna basin
(Juniata sub-basin)

B-17

ARO0003868



LANDUSE

FOREST

PASTURE

CROPLAND

OTHER

SUSQUEHANNA (WEST BRANCH)
YR

w0 PIIFIITZZ)
555 P7PPIITIZ.
1960
1965
1970

1950
1955
1960
1965
1970
187%
1580
1550
1955
1960
1965
1970
1978
1980
1950
195S
1960
1965
1970
1975
1980

o 20 40 60 80 100
PERCENT

PERCENT

74.2
74.2
78.6
82.9
81.2
79.5
79.5
7.1
6.2
5.3
4.6
4.2
3.8
3.3
12.7
11.7
10.6
9.8
9.4
9.0
8.8
5.8
7.7
5.3
2.5
5.0
7.5
8.3

Figure 20. Land-use trends from 1950 to 1980 in the Susquehanna basin

(West branch)
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Figure 21. ‘Land-use trends from 1950 to 1980 in the Susquehanna basin

{(above Sunbury)
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Figure 22. Land-use trends from 1950 to 1980 in the Eastern Shore

basin
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WEST CHESAPEAKE
LANDUSE YR PERCENT
FOREST 1950 42.2
1960 4.8
1965 41.3
s PIIIZIZZL 3.0
s PIIIIIZZ] 33.0
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1955 : 13.9
1960 12.6
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1975 R 7.3
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1970 090000009 34.6
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Figure 23. Land-use trends from 1950 to 1980 in the West Chesapeake
basin
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Figure 24, Land-use trends from 1950 to 1980 in the Patuxent basin
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POTOMAC (ABOVE FALL LINE)

LANDUSE YR PERCENT

FoResT o PPZZZZZ777) ‘.
0ss PPILITI777] 18-
1965 SLLLILLLLLY. 50.
o VPPIIIII7/7] 53-

s VIIIIZIZZZ77] s
so W PPTIIPPZZ777) s

St et ey e ..

PASTURE 1950 R : 25.
1955 24.
1960 23.
196S 22.
1970 20.
1975 19,
1980 2 3

CROPLAND 1950 WA NY 22.
1955 m 20.
1960 NN 18.

1965 m 17.
1970 m 17.
1975 m 16.

7
7
3
v
5
9
9
S
2
0
0
8
5
18.3
7
7
6
4
1
8
]
9
2
9
4
S
6

1980 NN\ 16-
OTHER 1950 ' 2.
1955 6.
1960 8.
1985 10.
1970 8.
1875 6.
1980 % 8.1

0 10 20 30 40 SO 60
PERCENT

Figure 25. land~use trends from 1950 to 1980 in the ?ot;ovmac-bas.i.n
{above the fall line)
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Figure 26. Land-use trends from 1950 to 1980 in the Potomac bas:.n

(below the fall line)-
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RAPPAHANNOCK
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Figure 27. Jland-use trends from 1950 to 1980 in the Rappahannock
basin :
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Figure 28. Land-use trends from 1950 to 1980 ip the York basin
the fall line)
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YORK (BELOW FALL LINE)
LANDUSE YR PERCENT
FOREST 1950 m 68.0
1975 71.5
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Figure 29. Land-~use trends from 1950 to 1980 in the York basin (below
the fall line)
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Figure 30. Land-use trends from 1950 to 1980 in the Piakatank River
and Mobjack Bay
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JAMES (ABOVE FALL LINE)
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Figure 3l. land-use trends from 1950 to 1980 in the James basin

(above the fall line)
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TABLE 8, ESTIMATED LAND USE IN MAJOR SUB-BASINS OF THE ChESAPEAKE BAY BAGSIN,
1950 TO 1980.

Estimated Land
Basin Acreage Use* 1950 1955 1960 1965 1970 1975 16980
Susquehanna** _
C 24.1 22.8 21.4 20.1 19.43 18.77 18.1
13,370,000 P 12.0 11.0 10,0 9.0 8.13 7.27 6.4
F 56.6 57.4 60,2 62.9 62.4 61.8 €1.3
0 9.3 8.8 8.4 8.0 16.0  12.2 14,2
West Chesapeake
: C 27.8 24.9 22.0  21.5 18.9 16.3 13.7
1,025,000 P 15.3 14,0 12,7 11.3 9.3 7.3 5.4
F 42,2 42,2 41.8 41.4 37.2  33.1 33.1
0 14,7 18.9 23.5 25.9 34.6 43.3  47.9
Eastern Shore
C 33.3 33.5 33.8 34.8 33.7 32.5 31.4
2,725,000 P 8.3 7.2 6.1 4.4 3.6 2.8 1.9
F 37.8 37.8 38.4 39.1 37.8 36.5 36.5
0 20.7 21.5 21.7 21.7 24,9 28.2 30.1
Patuxent
c 24,7 22.5 20.2  18.6 17.4 16.3 15.1
603,000 p 16.7 13.8 10.8 9.9 8.6 7.3 6.0
F 55.2 55.2 53.53 51.4 47.5  43.5 43.5
0 3.4 8.6 15.6 20.0 26.5 32.9 35.4
Potomac
C 22.1 20.2 18.2 17.0 16.7 16.4 16.1
9,027,000 P 23.3 22.5 20.8  19.7 18.5 17.4 16.2
F 54.6 51.0 44.8 38.06 47.3 56.0  64.7
0 7.2 8.8 8.4 8.0 10.0 12.2 14,2
Rappahannock
C 18.5 17.7 16.8 16.1 16.4 16.7 17.0
1,620,000 P 18.9 19.6 20.3 19.7 18.6 17.4 16.3
F 56.0 57.1 58.2 57.4 58,2 59.0 59.8
0 6.6 5.6 4,7 6.8 6.8 6.9 6.9
York—Piankatank
' C 14.4 13.2 11.9 11.3 11.5 11.8 12.6
1,950,600 P 9.9 9.0 8.0 8.0 7.2 6.5 5.7
F 06.4 67.6 68.8 70.0 70.0 70.1 70.1
0 9.3 10.2 11.3 10.7 11.3  11.6 12.2
James
C 12.4 11.4 8.9 %.0 8.7 8.5 8.2
6,324,000 P 17.6 16.6 15.5 15.5 14.4 13.4 12.3
F 71.0 7l.1 71.3 71.4 71.6 71.8 72.0
0 1.0 1.0 3.3 4.1 5.3 6.3 7.5

*

C = Cropland, P = Pasture, F = Forest, 0 = Other Lands

**New York's Susquehanna drainage area not included.
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ESTIMATED LAND USE IN MINOR SUB~BASINS OF THE CHESAPEAKE BAY

BASIN, 1950-1980

TABLE 9.

Estimated Land
Acreage

1580

1956 1955 1960 1965 1970 1975

Use*

Basin

Susquehanna

21,9 20.3 18.8 18.1

23.4

Above Sunbury (exclud—

13.0

14.7

ing New York drainage)

59.3
14.3

59.3
12.0

3,090,260

11.7 10.7 9.8 9.4 9.0 8.7

12,7

West Branch

4,533,000

.1

20.0 18.6 17

21.4

Juniata

6
67.9
10.1

7
67.9
8.7

9.7

o o

Fr A
o~ oW
— 0

@0 w
L B3 B

2,157,000

31.5 29.9 27.6 27.0 26.3 25.0

33.2

Sunbury to

M~ v
[ = + N |
< —

QNN

@ KO
-

O

P

1,527,000

Harrisburg

44.7 42,9  41.9

46.5

Harrisburg
to Mouth

12,9 12,6 12.3 11.5

P

2,063,240

7

24.9 22.0  21.5 18.9 16.3 13,

27.8

West Chesapeake

15.3 14.0 12.7

3

1,137,050C

41.8
23.5

42,2
18.9

42,2
14.7

Eastern Shore

-3
—
oy

Ea]
[ ]
™

33.5 33.8 34.8  33.7

33.3

(=N e |
L) L] L]
L e ]
™M ™M

W NN
o 2 O
M

DO Oy
- s e

2,733,116

22,5 20,2 18.6 17.4 16.3 15.1
13

24.7

Patuxent

.8

16.7

P

603,870

55.2

55.2

15.6 20.0 26.5

8.6

3.4

(continued)
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15.3

1975
15.3

1970
14.9
15.4

1965

17.4
22.1
15.1
15.5

7

1960
18.
23.0
i6.1
15.3
16.6

1955
20.7
24,3
48.7

6.3
17.8
11.0
17.8

1950
22.8
25,5
48.7

3.0
19.5

7.7
18.9

P
F

Uge*

Estimated Land
Acreage

6,714,300
1,799,400

(continued)

Below fall

Above fall
1ine

Basin
line

TABLE 9.
1980

Potomac
Rappahannock

B b

1,039,530

Above fall
line

9
2

5.
19.9
3.
66.0
10.9

11.

66.0
10.9

1%9.0
11.

.6

18.0
4
65.2
12.
10.9

.0
.2
4

17

5
64
13.4
10.8

5.0
1

17.2
63.7
14.

11.¢

5

17.4
6.
63,0
13.1
13.4

7.9
.2

17.6
63.0
12,
15

C

583,620
852,000

Above fall

Below fall
lipe

line

York

e O
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14.3
16.1

12.0
3.8

13.

16.

11,
4.3
13.3
66.9
17.0
7.8
16.8
2.2

1.2
4.8
10.2
12.9
3.1
66.4
17.7
8.1
17.9
72.3
1.7
17.5

11.6
5.6
70.9
11.9
13.6
2.9
62.7
20.7
9.1
17.8
72.5
0.7
13.2
16.3
Other Land

5

12.4
6.
68.0
13.1
4.6
3.7
59.2
22.6
10.8
19.0
72.6
-2.3
13.
15.5

B-34

13.2
7.3
15.5
.0
59.2
20.8
12.4
20.1
72,6
-5.2
14.
14.6

C
r
P
C

796,600
280,406
5,085,000
1,155,000

Below fall

Above fall
line

Below fall
line

line

* .
C = Cropland, P = Pasture, F = Forest, O

Piankatank
James



TABLE 10. ESTIMATED LAND USE IN THE CHESAPEAKLE BAY BASIN, BY STATE, 1950-1980

Land Use* 1950 1955 1960 1965 1970 1975 1980
Maryland C 29,7 28.3 26.9 26,5 25.6 24,8 24,0
P 15.1 13.7 12.2 10.¢ 4.2 7.8 6.4
F 45,2 45.2 45.5 45.7 43,0 40.3 40.3
4] 10.0 12.8 15.4 17.2 22.2 27.1 29.3
Pennsylvania C 24.7 23.3 21.9 20.6 20.0 1.3 18.7
P 12.0 11.1 10.2 9.2 8.3 7.5 6.6
F 57.0 57.0 59.6 62.2 61.8 61.3 61.3
0 8.3 8.6 8.3 8.0 9.9 11.9 13.4
Virginia C 15.7 14.3 13.0 12.1 12.1 12.0 12,0
p 18.6 17.6 16.5 16.1 15.3 14.4 13.6
F 62.8 62.8 63.2 63.5 63.8 64.1 64.1
0 3.9 5.3 7.3 8.3 8.8 4.5 10.3
District of C 0.9 .5 ¥ 0 ¢ 0 0
Columbia P 0.5 3 ) 0 0 0 0
F 0 0 0 0 0 0 0
¢ 98.6 99.2 100 100 100 100 100
Delaware C 36.6 37.1 37.6 38.6 38.9 39.2 38.4
P 6.4 5.3 4,1 3.5 - - -
F - - - 35.8 35.8 35.8 35.8
0] - - - 22.1 - - -
West Virginia C 14.1 12,3 10.4 C 9.4 9.1 8.7 8.4
P 28.2 27.3 26.4 25.2 23.2 21.3 19.3
F - - - - - 73.4 73.4
0 - - - - - ~3.4 -1.1
New Yorkl C 20.5
P 5.9
F 60.5
0 13.1

1jew York is not included in historical analyses; 1980 data based upon New

York

State LUNR inventory in Chemung and Susquehanna 303(e) River Basin Plans,

New York Department of Environmental Conservation.

*¢ = Cropland, P = Pasture, F = Forest, O = Other Land
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TABLE 11. CHESAPEAKE BAY BASIN LAND AREA, BY STATE

State Total Acres Acres in Basin ¥ State in Basin 2% Basin in State
Delaware 1,265,920 442,000 34.9 1.1
District of
Columbia 39,040 39,000 100.0 6.1
Maryland 6,138,880 5,931,000 96.6 14.6
New York 31,728,640 3,991,000 12.¢6 9.8
Pennsylvania 28,828,800 14,177,000 49,2 34.9
Virginia 25,535,360 13,753,000 53.9 33.9
West Virginia 15,374,000 2,231,000 14.5 5.5
TOTAL 40,569, 000 99.9

* = 63,390 sq. miles

Methodology for Determining Present (1980) Land Use

The CBP set up a basin—wide computer model to estimate nutrient
loadings from nonpoint sources. Because nonpoint source loadings are
dependent on land cover and land-use, the CBP funded a study to estimate,
by sub-basin the acreage for approximately ten land-cover categories using
LANDSAT imagery (USGS Level I Land Cover Classification). The land cover
analysis was performed on the Eastern Regional Remote Sensing Application
Center (ERRSAC) Hewlett—Packard 3000 computer at Goddard Space Center. The
land-cover dara set was developed using the Interactive Digital Image
Manipulation System (IDIMS) and Geographic Entry System (GES) software
packages.

The land-use categories identified were: forest, cropland with winter
cover ("low-till"), cropland without winter cover ("high-til1"}, pasture,
low-density (large lot) residential, medium density residential,
high-density (townhouse/garden apartment) residential,
commercial-industrial, and idle land (Figure 33 illustrates the aerial
coverage of LANDSAT scenes.). LANDSAT scenes used in the analysis were
photographed between 1977 and 1979 (April, May, and June were analyzed to
differentiate between minimum and conventional-tillage cropland)} and are
assumed to represent 1980 land-use patterns. Ground truthing of the
LANDSAT data against other land-use data sets and field surveys suggest
that the data on land cover, including tillage practices, were reliable. A
detailed account of the LANDSAT analysis is described in the Chesapeake Bay
Model Final Report (Hartigan 1983).

The data were aggregated into sub-basin units (or “"reaches”) for use in
the basin model. Figure 34 and 35 illustrate the location of individual
sub-basins. Reaches can be grouped to correspond with the 17 minor
sub-basins used for the historical population and land-use trends
analysis. Table 12 tabulates pPresent basin land-use acreage by reach
(above the fall line) and coastal sub-basin (below the fall line). Table
13 sums the figures in Table 12 to the major sub-basin level. Table 14 is
. an example of how to aggregate sub-basins to represent the minor sub-basin;
data are presented elsewhere in the Appendices.
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The CBP management study used the basin model to predict nutrient
loadings to the Chesapeake's tidal waters under present (1980) and future
(2000) conditions. 1In addition to estimating greater sewage treatment
plant loadings (based on population increases, primarily), future nonpoint
source loadings were generated by changing land-use data to account for
increasing development. To make a “worst case” future nonpolint source
load, all development expected to take place by the year 2000 (Lased on
population projections) was assumed to take place on existing forested
areas. Because nutrient loading rates are least from forest land compared
to cropland or pasture, this assumption maximizes the increase in nutrient
loadings due to urbanization. Future (2000) land use data are presented in
Table 12(b) and Table 13; only the forest and urban categories differ from
the 1980 estimates.

A comparison between the LANDSAT and Timber Survey/Lensus of
Agriculture estimates of present (1980) land-use is shown in Table 15.

This table indicates that the LANDSAT analysis consistently
overestimates cropland, with the exception of the Rappahannock, and pasture
land compared to the Census data, whereas the Census data overestimate
“other" lands. One explanation is that grassland not used for pasture was
probably included in the pasture LANDLSAT category and in the "ather”
category using census of Agriculture data. Likewise, other vegetated lands
not used for pasture or cropland could have been placed in these categories.

When "woodland or farms" (included in the CBP land use data base but
net reported here) is added to cropland Plus pasture land, the percent
total agricultural land is much closer to the LANDSAT total for cropland
plus pasture land. It is possible that the resolution in the LaNDSAT
analysis was not high enough to separate small parcels of woodland from
cropland or pasture on famms; however, it is equally possible for the error
to be in the Census data since the latter are based on survey data.
Nonetheless, differences as large as 10 percent for similar land uses
indicate that land-use data sets have their own biases; thus, one should be
cautious when comparing one set to another.

Another example of the inherent variability among land~use data is the
estimation of tillage practices on Chesapeake Bay cropland. The HMaryland
Department of Agriculture compared data from the CBP/SCS Agricultural
Activities Report (Appendix C) ou the extent of conservation-tillage
practices (minimum and no-till) in the Patuxent River basin with data from
a new 3CS analysis, Cooperative Extension Service, and Chesapeake Bay
Program data, shown in Table 16. When compared to the CBP's LANDSAT data
on "high-till,” or conventional-tillage, and “low-till,” or
conservation—tillage, one finds even larger discrepancies (although the
LANDSAT estimates are strictly geared toward the degree of vegetative soil
cover, and not tillage, per se). The purpose of any land-use/land-cover
data set must be known, as well as the methods used to generate it;, only
then can one begin to make valid comparisons.
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LLEGEND TO TA3LE 12.

AGRICULTURAL
CROP=CROPLAND
C TILI=CONVENTIONAL TILLAGE
M _TILL=MINIMUM TILLAGE
PASTURE=PASTURE

URB AN
I, LOT=LARGE LOT
M DEN=MEDIUM DENSITY
TH GA=TCWNHOUSE-GARDEN
C I=CRMERCTAL-INDUSTRT AL

FOREST
FOREST=FOREST
FOR_TDIE=FOREST+IDLE
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TABLE 14. REACHES AND SUB-BASINS (ILLUSTRATEL IN FIGURES 35 AND 36)
CORRESPONDING TO MIKOR SUB-BASINS OF THE CHESAPEAKE BAY BASIN

Susquehanna
Above Sunbury
West Branch
Sunbury to Harrisburg
Juniata
Below Harrisburg
Eastern Shore
Patuxent
West Chesapeake
Potomac
Above fall line

Below fall line
Rappabannock

Above fall line

Below fall line
York

Above fall line

Below fall line
Piankatank — Mobjack Bay
James

Above £all line

Below fall line

Reach or Sub-basin

10, 20, 30, 40
50, 60, 70

80

90, 100

110, 120, 140
See Table 12
See Table 12
See Table 12

160, 170, 175, 180, 190, 200,

210, 220
ANACO, 0CCOQ, POTOM

230
GREAT, RAPPA, COAST 8
235, 240, 250, 2060

YORK
PLANK

270, 28¢, 290, 300, 310, 320
CHICK, ELIZA. NANSE, JAMES,

COAST 9
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TABLE 15. LAND USE IN THE CHESAPEAKE BAY BASIN, 1980, BY MAJOR RIVER BASIN

NVPDC/Landsat Census of AG/
Interpretation U.5. Forest Serv,
Susquehanna
Cropland 18.3 18.1
Pagture 17.5 6.4
Forest 61.8 61.8
trban & Other 2.4 13.7
Eastern Shere
Cropland 40.8 3l.4
Pasture 7.5 2.0
Forest 50.2 36.5
Urban & Other 1.5 30.1
West Chesapeake
Cropland 23.0 13.7
Pasture 19.3 5.4
Forest 45,2 33.1
Urban & Other 12.5 47.8
Patuxent
Cropland 20.0 15.1
Pasture 20.7 6.0
Forest 53.1 43.5
Urban & Other 5.6 35.4
Potomac
Cropland 16.1 16.1
Pasture 18.2 16.2
Forest 61.6 56.0
Urban & Other 4.16 11.7
Rappahannock
Cropland 15.5 17.0
Pasture 19.6 16.3
Forest 64.3 5¢.0
Urban & Other 0.6 7.7
York
Cropland 16.6 11.6
Pasture 13.1 6.2
Forest 70.6 70.6
Urban & Other 0.2 11.6
James
Cropland 10.5 8.2
Pasture 13.7 12.3
Forest 72.6 71.8
Urban & Other 3.2 7.7
Total
Cropland 7.9 16.5
Pasture 16.5 9.7
Forest 62.0 59.4
Urban & Other 3.0 14 .4
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TABLE 16. PERCENT BREAKDOWN OF CROPPING PRACTICES BY COUNTY IN TIiL
PATUXENT RIVER BASIN

Anne Arundel
Conventional
Minimum
No—-till

Calvert
Conventional
Minimum
No-till

Charles
Conventional
Minimum
No~till

Howard
Conventional
Minimum
No-till

Montgomery
Conventional
Minimum
No-till

Prince George's

Conventional
Minimum
No-ti11

St. Mary's
Couventional

Minimum
No-till

CBE/SCD

40
60
0

34
66
0

37
60

32

68

30
70

20
80

100

SCS

60
30
10

70
20
10

50
40
10

15
10
75

16
20
70

60
30
10

90
¢]
10

CES

40
40
20

75
5
20

30
60
10

15

85

70
15
15

90
0
10

Average

47
43
10

60
30
10

39
53
8

21
3
76

50
42

-~ O

CBP/SCD -~ Chesapeake Bay Program data from soil conservation

district worksheets

SCS - Soil Comservation Service data
CES ~ Cooperative Extension Service data
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SECTION 3

METHODOLOGIES FOR DETERMINING THE COSTS OF
POINT SOURCE CONTROLS

NUTRIENT REMOVAL AT POTWS

Nutrient removal costs for publicly—owned sewage treatment works
(POTWs) will be based on the Computer Assisted Procedure for the Design and
Evaluation of Wastewater Systems (CAPDET) Program. This program was
developed by the EPA several years ago, in coordination with the U.5. Army
Corps of Engineers, to assist ip preliminary wastewater treatment plant
design and cost—evaluation requirements. In July, 1980, the EPA
Construction Grants Program issued Program Operations Memorandum #§0-3
which accepted CAPDET for the cost evaluation requirements in Step 1
facilities planning. It was described as representing a “state—of-the-art”
technique for preparations of facilitles planning level cost estimates.

The scenarios that will be used for upgrading POTWs with nutrient
removal are:

1) Total Phosphorus = 2 mg L-1;
2} Total Phosphorus = 1 mg L-1; and,
3) Total Nitrogen = 6 mg L-1,

The costs will be presented in terms of: capital costs; operation and
maintenance (0&M); total present worth; and cost per household.

Costs based on flows have been developed by running CAPDET at various
flows from I million gallons per day (MGD) through 317 MGD. These values
are then used to generate the costs for each PUTW, Specifics on the CBP
use of CAPDET follow:

1) To get upgrade costs, there were three CAPDET runs made for each
flow. 7These were: secondary, secondary with phosphorus removal,
and secondary with nitrogen removal. The costs for the secondary
plant were subtracted from the others to give upgrade costs for
nutrient removal.

2)  Hunicipal upgrade costs for strategies applied to existing (1580)
loads are based on 1980 operational flow and municipal upgrade
costs for strategiles applied to future (2000) loads are based on
projected year 2000 operatiomal flows. However, actual upgrading
costs would be based on design flow because the entire facility
must be retrofitted, not only the operation portion. But design
flows have no bearing on nutrient loads and would prevent a
dollar-per-pound removed cost analysis. For example, Plant A and
Plaunt B each have design flows of 10.0 MNGD, Plant A has an
operational flow of 4 MGD and Plant B has an operational flow of 8
MGD. 1If upgrading costs are based on design flow, both plants
would have the same retrofitting costs, yet the reductlon in
nutrient loadings achieved would be twice as great at Plant B than
at Plant A, This would distort the dollar—per-pound-nutrient-
removed-present—-value cost—calculation. Bay-wide, design flow is
30 percent greater than existing (1980) operational flow and
implementation costs for the effluent limitation strategies can be
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expected to increase proportionately. Future {2000) flows arc

: projected to be seven percent greater than design capacity. This

indicates that additional secondary Lreatment beyond existing
design capacity will be required to accomodate future flows. The
cost to provide the additional secondary treatment is not included
in the future implementation costs of management strategles.

Household costs and O & M costs were estimated assuming Federal
construction grant funding. The CAPDET program defaullt value was
changed from 75 to 55 percent to reflect the Federal grant
participation for FY 1985 and beyond. An argument could be made
that these costs should be developed without any allowance for

The CAPDET program uses four different cost indices to update
costs (Engineering News Record (ENR), Marshall and Swift (M & 8),
Large City EPA, and Pipe Cost}. The ENR and M & 5 indices were
updated to March, 1982 costs in the EPA program. The other two
were not being updated and are, therefore, using 1977 default

The phosphorus removal process in the CAPDET program consists of
adding a chemical coagulation step which includes an upflow
clarifier and a2 chemical (lime) feed system.

a. The program was run using alum instead of lime and the
capital costs were about 25 percent higher while the O & M
costs were about the same. The CBP will still use lime in
their cost analysis.

b. CAPDET uses a filter press for sludge dewatering.
Unfortunately, the costs for this unit process are developed
using parametric equations (i.e., only variable 1s flow).
Therefore, even though the phosphorus removal run shows a
greater quantity of sludge produced when compared to the
secondary plant, the costs for the filter press are the
same. The capital and O & M costs will, therefore, be about
5 to 10 percent too low in the CBP program.

The nitrogen removal process consists of adding
nitrification/denitrification to a secondary facility. The CBF
selected the suspended growth nitrification/denitrification

The January 1981 CAPDET User's Manual shows a 1977 methanol cost
of 15¢/1b (pp. 3 to 41), but lists 90£/1b elsewhere (p. D-3);

an earlier User's Manual showed a 90¢/1b figure; and

3)
Federal funding.
4)
values.
5)
6)
process.
Methanol Cost Adjustment
a.
b.
c.

the EPA Innovative/Alternative Technology Manual shows a September
1976 cost of 50¢/gallon.
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The CBP has concluded that the CAPDET program is erroneously reading the
unit cost input in terms of cents per gallon instead of cents per pound.
Therefore, the Program divides by a 5.9 conversion factor in calculating
methanol costs.

In addition, it was agreed to update the true methanol costs by the
EPA's Methanol Index which resulted in the following:

9.44

l5¢}\ W

= 33.5#£/1b —- 1982 costs

Then, accounting for the error in the CAPDET program —
33.5¢/1b x 5.9 = $1.98/1b.

The CBP used the final figure as the input to the CAPDET program to get
an answer that will be based on the 33.5¢/1b figure. These changes result
in an annual methanol cost of 117,959 dollars for 1 MGD plant as opposed to
the original 12,592 dollars. This increases the total O & M figure CAPDET
was using by 37 percent for the 1 MGD plant,
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SECTION 4

DESCRIPTION OF CHESAPEAKE BASIN MODIEL

The estimates of nutrient lcadings from the Bay's tributaries are based
on results from a set of basin-wide computer models developed for the
Chesapeake Bay Program. The CBP basin-wide watershed model simulates
stream flows and the transport of point and nenpoint pollution loadings
(such as sewage treatement plant discharge and cropland runoff) fron river
basins and coastal watersheds to the Bay and its tidal tributaries. The
model routes these loads of nutrients and other substances down the
tributaries to the Bay, accounting for degradation of the pollutants along
the way. It is a lumped-parameter, continucus-simulation model in that the
model continuously calculates water quality processes throughout the
simulation period, using data that has been generalized for specific
regions. Comprised of three sub-models [hydrologic (rainfall), nonpoint
runoff, and tributary routing), the basin model calculates many processes,
including the following: infiltration rates, soil moisture storage ~
capacities, monthly variations in pollutant loading factors (such as
fertilizer applications), water temperature changes, dissolved oxygen,
sediment releases, and nutrieat cycling and conversions.

HYDROLOGIC SUB-MODEL

This model is based upon a modified version of the Stanford Watershed
Model. It calculates the amount of rainfall converted to runcff, a
continuous record of soil moisture during and after rainstorms, and
sub-surface recharge of stream channels. Hydreologic simulations were run
using continucus hourly raianfall records for wet, dry, and average years.
Puring storm periods, rainfall is distributed among surface runoff and soil
moisture storage based upoun infiltration rates and soil-moisture storage
capacities for upper and lower zones of soil profiles. Between storms,
water storage in the soil is reduced by evapotranspiration and stream
recharge, thereby freeing up soil-moisture storage capacity for the next
storm. The model's infiltration rates are based on sub-basin soil factors
such as hydrologic soil group, permeability, total water holding capacity,
and depth to restrictive layer. Both the infiltration rate and soil
moisture storage capacities are estimated from sub-basin data and refined
by calibrating the model with observed stream-flow records. Parameters
governing stream recharge from ground water are estimated from analyses of
observed hydrographs and refined during calibration.

NONPOINT POLLUTION LOADING SUB-MODEL

This model is a slightly modified version of the U.S. EPA's NPS Model
{U.S. EPA 1976). 1t runs on rainfall intensity records and on the
hydrologic sub-model's ocutput of surface runoff and sub-surface flow
records.

For cropland, the model assumes that sediment generation and washoff
{(i.e., soil loss) are the driving forces for loadings of all pollutants.
Cropland loadings of sediment, which are calculated from rainfall records,
are assigned sediment "potency factors"” {(i.e., ratio of pollutant mass to
sediment mass) to calculate loadings of other pollutants. The
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representation of cropland areas is enhanced by several model features,
such as the capability to assign monthly vegetative cover percentages thatc
represent seasonal variations in exposed ground cover resulting from crop
growth and harvest, and the capability to simulate soil disturbance on
user-specified dates to account for tillage practices. For urban and
pasture land~uses, nonpoint pollution wash-off algorithms relate the
wash-off of accumulated pollutant loads to the simulated runoff rate in
each time-step. Accumulated pollutant loads at the start of a rainstorm
are calculated from the "daily pollutant accumulation rates" (lbs/ac/day)
assigned to each land-use classification to represent the buildup of
pollutants on the land surface and in the atmosphere {(i.e., air pollution
between rainstorms). For the forest-land categoery, pollutant loading
calculations are based upon soil loss and potency factors as well as daily
pollutant accumulations, with the former more prominent during periods of
low leaf cover (i.e., fall and winter) and the latter more prominent during
periods of high leaf cover ({.e., spring and summer).

Nonpoint pollution loading factors, such as sediment potency factors
and daily pollutant accumulation rates, have been developed for the
Chesapeake Bay basin from model calibration studies with CBP test watershed
data and with several other monitoring studies (see Chesapeake Bay Basin
Model Final Report). Eleven of the 27 CBP test watershed sites used to
calibrate this sub-model are described in Table 17 and shown on Figure 3b.
The model has the capability to use monthly variations in pollutant leoading
factors. This feature permits a representation of variations in the
pollutant loading potential of cropland areas due to such factors as
fertilizer/manure applications, crop growth, crop harvest, etc.

Sub-surface flow loadings based upon user~specified concentrations are
added to hourly runoff pollution lovadings and delivered to the outlet of
each sub-basin,

RECEIVING WATER SUB-MODEL

The hydrologic and nonpoint pollution loading sub-models are used to
calculate hourly runoff, sub-surface flow, and pollutant loadings delivered
to stream channel or reservoir by the tributary sub-basin. The receiving
water sub-model combines the hourly stream-flow and pollutant loadings from
the sub-basin models with daily point source loadings (see methedology to
estimate point source loadings, below), subtracts out water supply
diversiouns, and calculates daily pollutant transport and concentrations
throughout the stream and reservoir system.

While all pollutant loading calculations in the nonpoint pollution
loading sub-model assume no pollutant decay or transformation, the
receiving water model simulates the wmajor physical, chemical, and
blological processes that change the magnitude and form of pollutants being
transported downstream. The one~dimensional receiving water moedel is
operated cn an hourly computation interval with the stream-flow and
pollutant loading records produced by the hydrelogic and nonpoint pollution
loading sub-models as well as dally records of solar radiation, cloud
cover, maximum/minimum daily air temperature, dewpoint temperature, average
wind velocity, and precipitation/evaporation. Stream-flow transport is
handled with a form of kinematic wave routing, while pollutant transport
out of a given channel reach into a downstream channel reach is based upon
advection (i.e., transport of pollutant by movement of the parcel of water
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SUSQUEHANNA
- RIVER

JAVES
RIVER

Figure 36. Location of EPA/CEP rest watershed stuagy
Creek (A), Patuxent River (B), 0
River (D), and Chester River (E)

sites: Pequea
ccoquan River (C), Ware
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containing it). Because the travel time through any reach is significantly
greater Lhan the one-hour computational interval, plug-flow conditions and
negligible dispersion are assumed for pollutant transport calculations.

TABLE 17. SUMMARY OF TEST WATERSHED CHARACTERISTICS AND HYDROLOGY
CALIBRATION RESULTS (1.00 ha = 2.47 ac).

REGRESSIONS OF SIMULATED AND OBSERVED FLCW VOLUMES

AREA MONITORED STORMS DAILY STREAM-FLOWS
LAND USE/SITE (acres) N Slope R2 N Slope rZ
High-tillage cropland
Pequea # 3 115.2 1s .76 0.88 4924 0.98 0.70
Ware # 7 16.2 7 0.72 0.99 - -~ -
low~Tillage cropland
Occoquan # 2 26.6 8  0.98 0.98 m— a- ~-
Occoquan # 10 25.8 7 1.03 0.99 - - -—
Pasture
Occoquan # 1 31.3 5 0.81 0.95 -- - —-—
Occoquan # 5 18.8 5 1.07 0.90 —— - -
Forest
Pequea § 2 128.0 18 0.70 0.62 222b 0.7 0.79
Occoquan # 9 75.8 7 1.11 0.95 - -— -
Ware i 8 17.4 9 1.15 0.97 - - -
Residential
Pequea # 4 147.2 26 0.80 0.5%8 374¢ 0.96 0.84
Ware # 5 6.2 17 0.80 0.92 -— - -—

dMay 23, 1979 - September 26, 1980
bMay 23, 1979 - December 31, 1979
CMay 23, 1979 - May 31, 1980

These models were verified against water quality moaitoring data
collected by the U.S. Geological Survey at the major points of freshwater
flow into the Chesapeake (i.e., the fall lines of the Jzmes, Potomac, and
Susquehanna Rivers). The stream-flows were calibrated and verified at all
USGS stations from 1966 to 1978; then, water quality conceatrations were
calibrated from 1974 to 1975 and verified from 1976 to 1978 at USGS water
quality guages throughout the basin. As a final check, the regression
models developed from the two years of fall line monitoring by USGS were
used with simulated flows from 1974 to 1978 to check loads of pellutants.

Following the calibration and verification process, the models were
used for production runs to assess water quality impacts and management
options. A number of techniques were used to estimate the relative
contributions of point and nonpoint sources to the fall-line loadings (see
Chesapeake Bay Basin Model Final Report for more detail). Initial
production runs described existing (1980) and future (2000) conditions in

B-56

ARO0003905



the Bay. The model also helped to identify the sources contributing to
water quality problem areas. In addition to these baseline production

runs, the effects of differeat point and nonpoint control strategies on Bay
water quality were tested. As a tool, water quality managers will be able
to use and refine the Chesapeake Bay mathematical model to develop
alternatives for more effective control policies for now and for the future.
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SECTION 5

SUMMARY OI' MODELING RESULTS FOR EXISTING CONDITIONS

Existing (1980) nutrient loads to the fall line were simulated based on

1980 point source discharges, 1980 land use, and average year rainfall
conditions. Loadings from individual sub-basins within a major drainage
area can help to identify critical areas which contribute significant
portions of the fall line nutrient load. Figures 37, 38, and 39 delimit
sub-basins above the fall line within the Susquehanna, Potomac, and James
River basins. Tables 18, 19, and 20 accecmpany these figures and provide

detailed information on nutrient loadings from within each sub-basin. Each

table is divided into (a2) nonpoint and (b) point sources and contains five
columns:

o] Column A identifies the above the fall line sub-basins;

o] Column B quantifies the percent of the area above the fall line
that is within the sub-basin;

o] Column C prescents the percent of washed-off nonpoint or point
source discharged load that is deliverved to the fall line;

o _Column D presents the percent of the total nompoint or point
source fall line nutrient load coming from the sub-basin; and

o Column E presents the March to October nonpeint or peint source
nutrient loads.

Columns C, D, and E are divided into nitrogen and phosphorus fractions.

An Illustration of how to use the Figures and Tables may be helpful.
For exampie, Figure 37 illustrates that, above the fall line, the
Susquehanna River drainage area can be divided intoc four parts; the lower
Susquehanna, Juniata, West Branch, and North Branch. Table 18 a and b
correspond to Figure 37. Table 18 a shows that the lower Susquehanna
sub-basin (Celumn A) occupies 20 percent of the land area (Column B) and
accounts for 41 percent of the phosphorus and 36 percent of the nitrogen
(Column D) delivered by nonpoint sources to the fall line. In this case,
82 percent of the phosphorus and 99 percent of the nitrogen washed from
nonpoint sources in the lower Susquehanna River is delivered to the fall
line (Column C)}. Column E is the March to October nonpoint loadings
expressed in pounds. Table 17b provides similar information for point
source loads. Tables 19 a and b correspond to Figure 38 for the Potomac
River and Tables 20 a and b to Figure 3% for the James River.
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Suquehonna River Sub Basins
above the Fall Line

Wes’r Branch North Branch

Harrisburg

J ) fl Lower
Juniaia Susquehanna
A A
' Ny Ballimore = X
A S ) Lo |
VAR N \
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Figure 37. Susquehanna River drainage basin and sub-basins above the
fall line -
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Potomac River Sub Basins
above the Fall line
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Figure 38. Potomac River drainage basin and sub-basins above the fall
line
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James River Sub Basins
above the Fall Line
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Figure 39. .iailmes River drainage basin and sub-basins above the fall
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SECTION 6

METHODOLOGIES FOR ESTIMATING POINT SOURCE NUTRIENT LOADS
AND POINT SOURCE INVENTORY DATA

ESTIMATION OF NUTRIENT LOADS FROM INDUSTRIAL POINT SOURCES

Types of industrial activity with the potential to discharge the
nutrients TP, TN, TKN, and NHy 4 were identified through discussion with
state and EPA officials. The $tandard Industrial Classification {SIC)
system, which classifies industries by their economic activity, was used to
assign codes to these discharges. Concentrations of nutrients expected to
be found in the effluent from dischargers within a selected SIC category
were obtained from the EPA's Effluent Guideline Division (EGD) and the
literature. Maryland's 1979 NPDES permit compliance monitoring data and
Virginia's DMR's were also reviewed for observed nutrient data. Industrial
discharge data were based on state DMR's or on NPDES permits. In some
cases, flow data were not available from the sources and so were estimated
from averages within a particular industrial activity. '

State officials familiar with dischargers within their jurisdiction
reviewed the loadings assigned to specific dischargers for reasonableness
and completeness. These loadings were then incorporated into CBP estimates
of loadings from point and nonpoint sources. An inventory of industrial
nutrient dischargers to the Bay follows later in this section. Arranged by
major basin, the information presented includes: major basin (location},
facility name, NPDES number, state, and phosphorus and nitrogen leoad in
1bs/day (Table 21).

ESTIMATION OF NUTRIENT LOADS FROM MUNICIPAL POINT SOURCES

The basic strategy for estimating rutrient loads from municipal point
sources or publicly-owned treatment works (POTWs), called for merging
computerized data bases and accessing state and facility effluent
monitoring data.

Although the merging of data bases generated an inventory of POTWs aad
provided a substantial amount of information concerning their flow, level
of treatment, and location, it did not provide information concerning the
concentration of nutrients in effluents. To obtain this information the
Maryland Department of Health and Mental Hygiene, the 0ffice of
Environmental Programs (OEP), the Virginla State Water Control Board
(VSWCB), and the Pennsylvania Department of Environmental Resources (DER)
were contracted. FEach state staff was requested to provide 1980 data on
operational flow, total nitrogen {TN), total phosphorus (TP), five-day
biological oxygen demand (ROD5), and total suspended solids (SED)
concentrations for the POTWs larger than 0.5 MGD within their politiecal
boundaries. The response from state staffs was very good, and the CBP data
base was updated. In cases where state information was incomplete, the
POTWs were contacted for the missing information.

Table 22 provides an iaventory of municipal treatment plants located in
the Chesapeake Bay basin. Arranged by major basin, it indicates facilirty
name, 1980 flow, year 2000 projected flow, NPDES permit number, type of
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treatment, and concentrations of nutrients (nitrogen and phosphorus),
conventional pollutants (BOD5 and TSS), and total residual chlorine {TRC)
obtained through this methodology. The values listed in Table 22 were then

used to calculate the nutrient load from municipal point sources.
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TABLE 18a. SIMULATED LOADS (LBS), SOURCES, AND DELIVERY (PERCENTAGE)

OF NUTRIENTS FROM NONPOLNT SOURCES ABCVE THE FALL LINE IN THE
SUSQUEHANNA RIVER BASIN IN AN AVERAGE YEAR (MARCH TO OCTOBER)

NONPOINT
A B E

Percentage Percentage of Percentage of Fall line

of basin washed load that total NPS fall nutrient load

area is delivered to line load from {lbs, Mar-Qct)

the fall Line indicated sub-basin

Sub-basin Total P Total N Total P Total N Total P Total N
West Branch 26 50 73 28 20 617,000 10,476,000
North Branch 42 27 61 27 33 595,000 17,285,000
Juniata 12 27 75 4 11 88,000 5,762,000
Lower .
Susquehanna 20 82 99 41 36 904,000 18,857,000
TOTAL 100 46 77 100 100 2,204,000 52,380,000

TABLE 18b. SIMULATED LOADS (LBS), SOURCES, AND DELIVERY (PERCENTAGE)
OF NUTRIENTS FROM POINT SCURCES ABOVE THE FALL LINE IN THE

SUSQUEHANNA RIVER BASIN IN AN AVERAGE YEAR (MARCH TO OC TOBER)

POINT
A B E
Percentage Percentage of Percentage of Fall line
of basin discharge that point source fall nutrient load
area is delivered to line load from (1bs, Mar-Oct)
the fall line indicated sub-basin
Sub-basin Total P Total N Total P Total N Total P Total N
West Branch 26 11 - 5 - 35,000 --
North Branch 42 11 - 33 - 230,000 -
Juniata 12 16 - 5 - 35,000 -
Lower
Susquehanna 20 59 = 57 - 396,000 —
TOTAL 100 22 - 100 - 696,000 5,820,000
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the fall line

indicated sub-basin

TABLE 19a. SIMULATED LOADS (LBS), SOURCES, AND DELIVERY (PERCENTAGE)
OF NUTRIENTS FROM NONPOINT SOURCES ABGVE THE FALL LINE IN THE
POTOMAC RIVER BASIN IN AN AVERAGCE YEAR (MARCH TO OCTODER)
NONPOINT
A B C D E
Percentage Percentage of Percentage NPS Fall line
of basin washed load that fall line load nutrient load
area is delivered to from indicated {(lbs, Mar-Oct)
the fall line sub~basin
Sub-basin Total P Total N Total P Total N Total P Total N
Upper Potomac 57 65 86 45 55 327,000 8,217,000
Shenandoah 20 65 80 25 25 181,000 3,735,000
Monocacy 9 79 86 12 11 87,000 1,643,000
‘Lower Potomac _8 85 86 18 8 131,000 1,345,000
-TOTAL 100 69 84 100 100 726,000 14,940,000
TABLE 19b. SIMULATED LOADS (LBS), SOURCES, AND DELIVERY (PERCENTAGE)
OF NUTRIENTS FROM POINT SOURCES ABOVE THE FALL LINE IN THE
POTOMAC RIVER BASIN IN AN AVERAGE YEAR (MARCH TO OCTOBER)
POLNT
A B C D E
Percentage  Percentage of Percentage of Fall line NPS
of basin " discharge that point source fall load
area is delivered to line load from {(lbs, Mar-Oct)

Sub~basin Total P Total N Total P Total N Total P Total

Upper Potomac 57 14 - 31 - 40,000 -

Shenandoah 26 8 - 19 - 24,000 -—

Monocacy 9 32 - 39 - 50,000 -

Lower Potomac 8 68 = 11l - 14,000 -

TOTAL 100 17 - 100 128,000 -—
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TABLE 20a.

SIMULATED LOADS (LBS), SOURCES, AND DELIVERY (PERCENTAGE) OF

NUTRIENTS FROM NONPOINT SOURCES ABOVE THE FALL LINE IN THE JAMES
RIVER BASIN IN AN AVERAGE YEAR (MARCH TO OCTOBER)

NONPOINT
A B C D E
Percentage Percentage of Percentage of Fall line
of basin washed load that NPS load from nutrient load
area is delivered to indicated {lbs, Mar-Qct)
the fall line sub-basin
Sub-basin Total P Total N Total P Total N Total P Total N
Appalachian 48 57 66 46 50 226,000 2,310,060
Ridge &
Valley
Piedmont 32 76 81 54 50 266,000 2,310,000
TOTAL 100 66 73 100 100 492,000 4,620,000
TABLE 20b. SIMULATED LOADS (LBS), SOURCES, AND DELIVERY {(PERCENTAGE) OF
NUTRIENT FROM POLNT SOURCES ABOVE THE FALL LINE IN THE JAMES
RIVER BASIN IN AN AVERAGE YEAR (MARCH TO OCTOEER)
POINT
A B C D E
Percentage Percentage of Percentage of Fall line
of basin discharge that point source fall nutrient load
area is delivered to 1line load from {(lbs, Mar-Oct)
the fall line indicated sub-basin
Sub-basin Total P Total N Total P Total N Total P Total N
Appalachian 48 30 - 10 - 28,000 -
Ridge &
Valley
Piedmont 52 69 = 90 - 249,000 -
TOTAL 100 61 - 100 277,000 457,000
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SECTICN 7

PHOSPHORUS BAN NUTRIENT LOAD REDUCTIONS AND COSTS

INTRODUCTION

The phosphorus in municipal influent to POTWs occurs in several forms,
including phosphorus in suspended solids, pelyphosphates, and
orthophosphates. Human excreta and food solids contribute the Ilnsoluble
suspended solid fractlon and synthetic detergents contribute the soluble
polyphosphates. The soluble orthophosphates are mainly the hydrolysis
products of detergent polyphosphates, human wastes, and solids containing
phosphorus. Most of the insoluble forms of phosphorus can be removed by
conventional primary or secondary treatment processes. The soluble
fractions, however, are only partially removed and may be discharged into
receiving waters where they are available to support eutrophication unless
specific contrel technology 1s provided.

Phosphorus 1s used in modern synthetic detergents to bring about
conditions in the wash water which permit cleaning agents to work much more
affectively. Currently, the average phosphorus content in detergents is
about 6 percent. Prior to major reformulation efforts by the detergent
industry in the 1970's, the phosphorus content in detergents varied between
9 and 12 percent (Folsom—QOliver 1980). Limiting the concentration of
phosphorus to 0.5 percent by weight in detergent formulations (P ban) will
lower the amount of soluble polyphosphates contributed by synthetic
detergents to municipal influent wastewater, lower the effluent phosphorus
concentration and, in POTWs with phosphorus control, reduct sludge disposal '
and chemical treatment costs. These benefits realized at POTHs must be
measured against costs borne by consumers attempting to maintain tlie same
level of cleaning with detergents containing phosphorus substitutes.

ESTIMATION OF CHANGE IN INFLUENT/EFFLUENT
PHOSPHORUS CONCENTRATION

Influent phosphorus concentrations for municipal treatment plants 1n
the Hampton Roads Sanitation District and Metropolitan Washington, DC
averaged 9.1 mg L~! and 8.3 mg L™}, respectively. For the purpose of
this analysis, the average of these two values, 8.7 mg L1 will be
considered to be the average influent phosphorus for treatment plants in
the Chesapeake Bay area. The Soap and Detergent Association (SDA) has
estimated the per capita consumption of detergent phosphorus to be 0.4
kg/capita/year. Based on this per capita consumption of phosphorus {(MASS)
and water consumption of 133 gallons per capita per day (VOLUME), 2.2 mg
L'l, or 25 percent, (Concentration = MASS/VOLUME) of the total influent
phosphorus concentration is attributable to synthetic detergents. The CEP
estimates the 25 percent expected reduction in influent phosphorus will
translate into a 30 percent reduction In effluent phosphorus
concentration. Thils estimate 1s based on observations at Blue Plains
during the 1969 to 1979 time frame which indicated that biological
incorporation of phosphorus through the treatment process will remain the
same before and after a ban (Jones 1982).
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SAVINGS AT POTWS

For plants already employing phosphorus control technology, a
phosphorus ban would have a minimal impact on phosphorus loadings.
However, it could be expected to lower annual chemical treatment and sludge
disposal costs.

Barth (1978) estimated that a 25 percent reduction in 0 & M costs would
be realized if influent phosphorus concentrations were reduced 50 percent.
Applying the ratio between influent phosphorus concentrations and ¢ & N
savings, it is estimated that 0 & M costs for POTIWs with phosphorus control
in the Chesapeake Bay drainage area would be reduced 15 percent. Jones
(1981) estimated annual O & M savings of 12,000 dollars per million gallous
treated at POTIWs with phosphorus removal as a result of a phosphorus ban.
When Jones' estimates of savings are compared to total 0 & M costs for
phosphorus control at a 1 and 317 MGD treatment plant, they represent 9 and
23 percent, respectively, of 0 & M costs for phosphorus removal. Based on
these figures, the CBP estimated that a 15 percent reduction in phosphorus
0 & M removal costs would be realized with a phosphorus ban.

CONSUMER COSTS

According to a report prepared for the SDA (Folsow-Oliver 1980),
household cleaning costs will increase between 4.29 and 11.10 dollars per
household (2.7 persons) per year if a phosphorus ban is imposed. The
increased consumer costs arise from increased use of hot water, laundry
bleaches, and softeners to achieve similar cleaning/washing results. The
CBP used the average of this range of values (7.70 dollars) im calculating
annual consumer costs for residents of the Chesapeake Bay watershed.
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INVENTORY OF MUNICIPAL NUTRIENT DISCHARGERS TO CHESAPEAKE BAY, BY MAJOR BASIN

TABLE 22.

(MG

CONCFEITRATINN

EFFLUEHT

(FGD)Y

Fliw

TRC

T TH

S

PCDS5 TS

2000

1980

HpCeH
'R STATE PNLICY TREAT,

NPDRES
NIMBF

FACILITY MAMF

CowmoCmMmTC LM O CC L~ OGS C
CENCOCMORN A= C O OLCC CurnmiNG
& & & & & 3 ¥ ¥ 4 PR AR s E e o

e O NN NI (Nr MmO N NN NV

FOoOCUruryCrrrricuiNyrurry Crvr ey
L I I B R T R R T T R R S S T S T ST I I SR N N
AN XXX O EERT U AU @ C oo oo

Ll el e Xk b o TR il A L L R A o N e R S

CEECCONTICOCOWUWCCMNMCCCNCUCTCC DO Cm

L L I L T B O L RN IR T B R O I I R O I O I O R Y

LG XX T T MM O~ XN

COCCoUM~ oD oMo C o oNTCrtooCTMmMocTCD

.at.-n-n--ic--.coooa.ooo-oont

Cr o C o CC T iIMNC o OO~ C o oo oo c

m MM TSIl Mm OO — MM
-~ —

® & & & F & 2 4 ¥ 4 8 8 & F S A F F RS B SN R
CCC oMo oCUINC o COC— R COCAC OO0
T OO OV MNP I T M OV M e

-~

OO LN T O IURAMN G T T S NG O Tt N O
LA B I B I A I A AR BN B R i

CCC OO~ CCOMMNOUOCOo—NCONCCCNOCo

MO N OGO O O MO &< O o
LRI I A N N R

CTC O C O CCC e~ o O CC~OoOCCMCCOoOo

>
xa

<

concace

Zomamz : TERET LT aE
CGCOoNCOoOLOE LD m e m b e Ol C E Dot &
UUUUMLLLUDLHULUUCULCUDLLLUUHU
Lo L o (o 0 o e It e O ' Qe G D il T L i bt 0L O g
GULCANLGDELALGLCCLNNA LS LY L GA W

et ajelalalalalafiladsfolal it afal 1l fafalafafalfif af afal
CY ARSI EEEETETRTE = Z CEEX

T OO MO O T O M SN e U0 LD e
WX CMC CUTT AL OO ONGUENONG T w= N M U OV v = O

o, -8 = = xr o Z=
L. Exn=Enw ow Fooxo O A vi oo
NEEEEZee= B L = B e
== v o ZwoL CEULEFrhaobka=ud X2
Rz == o, f.x= HuPZ g T W
= SXLE T2 2Z0-Z2300d I IIL
o)t ¥ pRe Raab Yot adf £ e o Do te- s a¥ b —Fe il Y £ —UnE S
FORMECH LU EE RO VIO S0
S oNLionhl —df L NS T T O

ez O i U OOl oy Tt
O S -LLaRDUUOREHOENCUROELD =

CLHEENONUEE ML IM) 202 Y232
HI 2 AL ST MO Ol X T X U U S S O bt
A T wla YO as CrCaELTe =
CULLUCUCC O L UL A0 AR NGV VW E

s ol (o tay Lol Tt L o Ded e G Rl Lo B Gt e £ B Tt B s Qo e d € Lt )

L YO YOO Y O O e O OO X O Y O O O X O

coLocucCc LU C O CCOOOOCCCOC o oo oD
LTIl I I I T I I XTI T IIXIIIIIT
LRl sl i lraia Lol s Lot cat D LAl Lol Y Dal S 1 Ty T 17 Lo T LT L L L R VA Y, Y TR TR
PO IR LRI CIRER ICRECRIRS ORI IREFAY 155 00 £4g 051 P 253

20 b ) a1 O a2 Y L) L] 2

B-72

MO U oomg
cCocooncooowm
* a . % &2 % & & @ -

CUr—oyurycoadc
LI I T B REY N I ]

RN C X CC o

LNNnNernocuw s

L T O B N I I

LMoo @ G on

NC L C NG T
LI BN I SR
Cuvrm MU DN ON 0

— ~—

4 8 5 5 % p e I s a
' odigirepiaterhio Rt rla RV ol o
NG — VIO

— Ll

Ccocococccoo

“ v 5 ewasansas
LD ONMm O
— NN -—

MOV —ONCO oV
MO M~ O
- r a2 e s e e e
NCT- 0 CC e~
— — -~

e bl

o o o
P = D T S el P e
aroxiocoa
I DEOEOED
Ll ek oL O Sy VN &
[Lagegodts Qiiye g g ST
oo vmarvon v

o« o« ol < «f o «f «F, T &L
PoEDELmDD

CNGCO O~ O

TN NS UGN G
WD C W= (NS e

Laanm v Cw
= e (&
A Eracioawx
e WC W
Fama Xy I
LCHLCDT X
W SN a2 o
U rex (3 E
a4 A>DXZTEES
el ALOUUE
C I Z
P EE G AL
ET L > 2]
XUCTE T A
LT L QU O M

—

f—(‘ﬂm%TMllF‘I‘l'\

ARO0003921



(CONTINUED)

TABLE 22.

{(MG/L)

EFFLUENT CIONCENTRATTAON

RODS

FLOW (MGD)

1980

TP T™ TRC

TSS

2000

ipCR
R STATE PNLICY TRFAT,

NPDES
NUMBE

FACILITY NAME

ek

cMroCr-CcCCrYMmCcTCouw o
oo oo oo e
L O . T I T T TR

LI I R I T I T R R R T T A T
Tyl crrcaxcco

b i ke o Vol e i gl s el e gl o s o

oMo o Lo oo mo
* P % 4 F & B e A S s T RIS
CCOC——~CUNOC~-ITCunNgG
WA G oM O cmeunm

% 4 4 W ¥ 2 §F " B F & B &S
ML T N T OO
™ o —fM—um O «—

4 % ¢ v v e n e e
GmmNmGd‘U‘\CCCCC‘OG\
L) vl e = et

MMCOMOOoONMT OO
WL OO O S N U OY
A ¢ 4 8 " e e s E = e
NMC Q"M INONG <A C @
M0y -t

6

St Dot Eatao ol -
oy Ioxxry T X o
o8 X D ] S e KL T P S D S D
CCxyxrooo oo orxe
TV e CECocsandoSs52
CCEZEMOCEZC i GEZEZRO
SR G E o RN B S LS 8] )
o Lo s T G et i) O 0 O L) O O [
i nnnwoavmavaaow

T o, T €T % T oL L < L &L € wL £ KL
N e N ™

TED OO C OO MDD
WONOVMOOWVOAN T © o NN
NGO NN I M 0D

i v O =
wrvin, T gSIT=
i~ < 20
" ERMUZ 0, A2
Vbl =k O e

DU WO DS
I SNOo@om
e 1T N
LVMZmOZ2E
2OV CL W IZ e
Jb.aZ’lUla-ﬂ:{.l.'kIDHuuH
Mgk 1ot AT Ly gpasy < B of - fling
SO RZUHLWULT
Cem e O X T
HEZLAAXULUETET

WP

POTHT
%
P

STP

S RIVER
TE
TTCH
UR

C
C
t

HOPEWELL
JAME
LBHP
LFX

wnwuowu ey
12303 D G2 0 023 O LG o (a2 [
EIEZEEZEXIEEX
oL o X T L KT T T T T
b= hee hee Low he o Ay n Spv e Low

JAMER
JAMES
JAMES
JAHES

o et -
L T T )

DNAL v T (NS

CYoaNNCCCCo
P T R R B B B
PO Ot e (VL
M= e NN

& C LSO

o O NN QLT

MO OO

4 ¥ 9§ & 4 & & a

L Or-intNOwWeun

P e lalel -~
-—

- 8 * & 8 B ¥ W
C SOOI
[T TV

MO NN G

" = & 4 % ¥ @
Moo~ oM
N

cCoconococo
WICN =00 NN LN O

M OSINMII~-mM

coCcocoore
EEEERREEZ

[« Ml o ol Vo & sl ]
o munes <<
LN = O T D

a J

- <X x
= = a6 O
=oc 2 =
-0 F 00T

A EEEZE@

LTV =m

PREERER
Tl 10 B3 a3 {ad B fad ()
D, P 2D PG P PR D
pm o e oo o e e
B~ b B E B e
of of e T o <L oY T
[sWsWe M N4 R e

B-73

MCUrCcCCoCcCcocCoCoCo
OCo CoCoCCoUMoOCT T
D I N R T T R

-

CCUCrmOC LFCI{F*CCCCC

LI B I O B I I .- w4 s

el el /S Tal el o T I+ BTax uw*.mrmr

ety ] [, . e g,

UL — AL VYL SN O anuaun et
& 0 4 & & & % ¥ B %+ 4 8 2 e
O M A O i v

CrNooO oo o-o-nNnownoo

* & » ¢ ¥ & 4 & ¢ F 2 s s a0

"M T o oMUt G S Lwt

— v oyt ] T TN e — v
-—t

T % % 8 0 2t B PV EECeN
MM S OWNCMWN MGG Ovin
CVrt = (N = v Tl v

COCOODCTNNECXOC OO0
* % ¥ & 4 ¥ 0 2 8 R BH & & & »a
TMCOOCMUNCOCCTNCOC
n m L] i

m
WO COoOQUnNMeMNCOOCOW
VO D O M MO — O

S § 4 B s R A AR S s

(28]
D DR
FEZZEF IEZEIXOXTI LTI
R TR P e o T CLE g PR ST ) L
raorrrIs oo rmo
= =z Z2=
UL ouOouLuLw
CoCo~CL O CRCCCol
IXTIIOCIFILITIRETIIIIN
agaocnooLuwmAwuooaod o
|7
==
b=
oL LR e T 0O P o oL (O el oL L L
SO EPPERD

CEDEONC O D OV WP D vl ™ v

Ty o CconN-mo -
—C\—~C —CMmoTUir-omooc
NCWNY IO ONE WD = SN W

o ALERG AOCullg
AFL-EHZV) IO »OWw
-t DT =20L= U
wmac< U oAk Fhoe

CouozZrnwezr OUXWIZ
g DEZIDO DoOe-wnD

O WMeNERD Zeo

ErC aQU]l oS
fa¥e A o S Feinde RTo4e A ] bttt B (3 < 4
2 UZoapnnl O-pEou e
S 20 T ([ Z o
PO E el 2 (e O (e T L B
| £ L pumin JWa Jumrlbarill ool s L o - W JL Ut o - 8
O vl DT W O e D
e UULULOSCE D

UL UOULDLOCUOO
L o, o oL o o, L AL ol L o oL, o X
EEZTEXTZAEEEIATIER
oocoCccCcOoDCoOCoCOs
| 2 g bl el ond 20d 0 2] T8 Tl 2l el 2k 30
CoCCCCoCCCoCcCor

e MalpaN:Ras N rNaNaRaRaRaala Rt a gy

o —y—

(CONTINUED)

ARO0003922



{CONTINUED)

TABLE 22.

(MG /T

EFFLUFNT CONCEUTRATIAN

FLOY (BGD)

BGDS 188 TP TH TRC

2000

1980

NPCA
ER STATE POULICY TREAT,

OOCCDCCOM'-'CGCE‘O#OOCDC‘MC'QOCIOWMF‘CCONDCGCCNC
AL A A R A I O R I O T

MU CMry CCXCCCCCCCNCCCCCYRAACEC —LCH Ny ec
LA L T I N I T R T I I T R TN T N T S T R S R R S
VNN RO WINC U ML Y U UIN O OV U C U (VP C X 0N

T WO o v (N e (N v v (N v e v et e e e et v (N v (N v v— e (N -

VINCMC oUW C U C U munummunC CUINUN O NNt OO U OO G L

.IIlcl.t..ll...b..-.l.c.Dt..l.t.ll....l.

CE:'C'\Cf"\ocmlﬂq"cOC"‘COMDOOOQOOCCCm@cmow:m:}mﬁcﬂﬂ

A T B I I B T I T I S S

mu".c\.or-chwhmmm\cmmncmoommmvcc.'\cml.r.t:‘.l.r‘;c::C:OCO\\.DC

Lo Tal o fa s Bt Fall et Ve ! L Y e T [T e e N —l— M e -~
[ o™ —

AL A L I L I T T S T T R T T R R G R e

hmmwc-cmmmmmmmommwﬁmammmmcccr--t:r\C-no.n\crc.mmq-n

— MeiMemrt e TMen v wi (¥ smes (N e LTI i
-y — o

e COCNOOLON—MNCOOCCOCCOCCONOCOUNM OO L OMoce

.'I.....Ol‘d.'..ll..l'l..‘.l‘...lll..l..

NN C OO~ ONCOO9 ONNCCNOC T C T COC i OMNC
n Ll [as} N

OLMOY O WS O CCOCINNOC IO OCEC M OO =T NCC OO
LM G MO MO CH NN OO O OV N OO NN OO T (N £~ LA O = (N2 L O N O
LA S L B IR B I N I R T TR R S R T S SO
ccﬂﬁ‘ﬂﬂcmcqcﬂ"ccocqﬂcNNC—CO"ONmﬂ"—GCP‘NC'ONmﬁN

(o] L]

2

S ImpmDm B b B P - Dbt B P
EEXOIOIEIIN KE SIXICNFIIFIOSEE EOTFX XOT
(0 La) o o ol o Lo Do T e Dt [ L) B o o, B L St a2 [ LT £ 9 {20 ok ook Tat oF S o o [2
X Oy AN N A C CE MG T C O O o

Exwr o zmas o« == == < =22 ZTazyg
Lo OCCUCOwCECMENUNNIOV CUBS L BNEE WOOWSOI COoWw
CLULL CCUC UL LR CO L U UG CCOUCC OO~ LU O U0
T b w . T O I T I I T W S T T T T T T o T o ae o T
OAvGLGANUGRAVALRGAMLE GALAOWNYA N G 0. 0. V3V 0, V0 U U3

LELOTLIL L OO Ol 0] of ol e > (0 oS ol «f &L oL (0O 0 kT L 6L o O oL < oL oL £ 6
:P‘.:’Ei>ll>£z>i32>Z;9=’>31>>>>>£12>>:‘?E>&>>E>

SCOCNMMOTCONNT Mg O M T @ e O O~y D (N = N
L D EUCAOS NS OO MM O e (@ w0 e O O OTHL AL w0 v D
WL nN-—t\D-‘OC'CDQ'CﬂQ‘\CU'!mmWrH\C\ﬁlﬂl.f‘.\ﬂv—lv—c-—-mo\Cﬂ‘-ﬂ-'olfl\ﬂ'-i\n

8T

Ourt s O~ Ll =R T BxoE o ki
FECWONEZY) VIvIe = WL = 0.0 0) g
BVl Lo I 2l 1 ZUNTM U DU as OoOpEkoxE
L ¥+ UEOU KLEZ Je-arr CUaZSZY0E = HAOWE W
—0U D XD FaZ_HEZals X ZMExr WERNEZC W =
U aUXET oS IVNICECARZ WA LT i o COoOMiux
= XTI R CUSEH DauoHy O CrUpeme (=0
PXEUODMO DDA TUVRRRE UV 2 UECDOUR OO W V) -
LU KT rOd acucne Ot COUORB O
o LOVaUZEeSDprie UZINe-UDIeae P AT S g N
e e G DR IR O IAENG SOZWUE Y Wi ED
IFBCZPWN&EmeWZLﬂEWthaQZEO&UE:QL&JWUQZZHE“U
LAXWCHLODSX O OO ZZ IOV NEZS AT NG
et 000 OF Led O o o 6T 2 (o o8 fi R ek b= 0 o, T T R 34 O K0 i 22 e e 2 D D <3 o0 oL G {ns b
h,h.h.utnww:nzzxmz.s;..a.s.aazzr&zxzzoaawwm:::

CLLULLOULLUULULULLUUOQLLUUUQUUULUUUULIOL QLD
n:acrctqc::tdqaqqﬂtddqazqﬂﬂ:qqddqqqqqqqqqqqqdqqﬂ
EE N I E I EI A LSRR T ERD ErE LR R RIS FA AL ER TS
C‘C;C'JDDCJDDDQDODC‘ODQDOODC‘QGOCCCDDODCC‘C’CODCJC
E-l—'[—lHhhHHHH[—‘HHE—HFFEE—'HFHHFPEFF[—EE-*!—E-'F'!—["‘I-‘!"‘!—‘E
ccoooococooCcooocoocooconooorocococococcocoan
Lefffdodfon oot nina 0.o-000 00 0 A0 0 0L AL GO0 00 A0

(CONTIRUED)

ARO0003923



(CONTINUED)

TAEUSZZ.

(HG/T)

U A R R e R e R g e T g o g gy S e e

FEFLLUENT CONCENTRATINY
RODS

Freow (mG0Y

1980

TP TH TRC

T58

2000

ypCa

S
TRFER STATE PALICY TRFEAT,

DT
- & & * 9
SN @~
M NN M

LI I S
CI OO
MO

COoONCMNT
. v wne
MoOMmMCo

oooCoo
MOMNM™MNe
"5 0 enas
“NC oo

el ool

[sgesfo s s 4

T £ S o
coooce
oL
cCoooo=
QOO U~
) e o
oo,

aof.0.0.00
ananom
L ol T X o L,

2 dugad:4:4:4

CCCCCCCCCCCCOCoCrCcCCCcoCcoaoocCocecee
jateg el alelolololol vl ol of of o) olefof ol of of alnt ol oet off el ot o et afie)
L I I I R L I I I R I R I R I I I T I T S

NCCOX U CCXUyrrirNCcrcCCosCcroc CCinrycCincuwc
L R R R T T I I I I S T S S N T I T S R R N
et Today e A Taltulaslocfodls aeal - ials ol UalTolT ok ard? ol c o PolTR¥T ol od volle e Tods S Talts A Te]

T N v v N v v e e et e v et (N T o i e 4 et e e, e e e, i e

SN C NN C O CCIN O NIN NN CInINnD U GO O o Cuwn

® & & & % ® F & 2 4 &k " B S A S PSS E N AT RN
CC v O OO vt w— ON OO S0 00 O (X0 v (8 v v ot (vt (0 v vt vl e OG0 I wem 20 v (v

[ elejatalslelololalatolalalalelof ohol oot el ol el e el wl ofel el el e
L L N O N B I I B T BN TR Y Y Y NN B R R T TR R Ry
CCNCNNC oo C NG N CNNC IIINIIN GO QO UTC O
AL T LD YT P 7Y g et 77 o et ot U et £ ot v vl o OV 0] 7Y e () 1) e ey

™ o] - o™~

I...-..'bl...-.......-l.....’....'
bbbt AT ALE oL ol LAl o F T ad AsRT R nl oa Bl B o g B o B e e s Tt P s Tl 24 [ tE Ny
~— bl w-q

N OO CNMNOOCMC O CINTNC NG ORI C

LA A L LI A I TN I I I I T R SR I R T SO

VWO N— QN O TWOWOWL «MOINCQ O NN MM NG e N O v
- (o] -— . m

COOMNeNC OO OO OO DC U e O O i P O OO C LY

NN COONC O ONMNOT NSO O et OO O

L I I R T I T NS S,
~— o~

o Eakal-ud-of - o i alrat-alit ol o
=X F ODOIE oy FIOSSIE X IFXmeEaraomoms
(a3 Lo S0 S L3 T P o o o o o Lad o [ Ea 0% 5t [ o 13 T e 0 oo oo o [ ot ) o [
s dudigade g doFapulatal Y. Jads s i Fedegalayods S datnl ) Xalsdul

T S EESa = = = e 2 =
LENECGUNECOOCEVICVULNEGOCUuURUUCOCrwOoucCw
CCORUCOD-OLCLHCUC T ORI UCoCCuUCLCUC LT
Balani=a s A Tpvatw s J CACIE LM CHE L Sumad Chionpeshaslfs dhe t T Puettis it ofer o CFT (LI C T of P10 o P o ol
oA CUALOAMUNALVACALALVAALIS VNI NI U0

7 o 0 VWYY W ey @
[ ) Gl BLn b OO o
o Cal S PAD-Dd P Beapeim e

.

oo oA A LA EEZEAOAT AN AAOAZATAALN O

S (NCER MO ™ M A NN NN MO SN O ST 0 N
= e M= N O Nt DAL U OSSN P WO O C O P C OO \D <

el B - “Z3 N | L] oI
e X WNZE =D = 2O w= oo LxTx UC
ity = 2 B OB = HHCE =) sxx
bl ¥ CE =UOoUIZHWEZELAM QOLICXQL U XunE0O

VUEHGLE X ) O DO WHEROSRHONNCOPRALLAU WO
LW Clwb- UECOE LoV Z s R =2 X 000
W Moz CUDAO X O HHEY TEZX W OENX L
e D Nl C>ELOUZEEm = S22
AL N0 CE U =Sz AFHRBURFSOZDC -
Pt S ROUTUWNZZ DK 2 T, (2N M e o] o TR I e
OO—T Ok SIS0 O R MO w0 1)
COPWTILAFUOAEIXCT R P DN 0,00 T
| e of Sy i te i wle A (3] CREEY 23 ngs s Fa i L e N 1 PR Tt R L O
L & e [ I T T IO OO D o <L R 2 2 (O L L 0T T o
L e g ali e e o il S Sl S B SL SIS al oYX aT o1 115 [ Al ke e wbe alv ofe o

I R R R R R P P R R R P e E R EE R T e
e e o e A o o e = s s . e A P o 0 g e e e o
o oo nge whe whe nde s o ol 50 b b s s et 500 e et 90 b b it i b s et il i e e i e e
P g e b fmons ot o oo o s e oot s e Pan Fem Pamloos Prus Fruw o Sl Foe P e S
OCCCCOCCCOoOQCOCCOCOCOoCOCaOOCCCoCc
NARLAULRUTIHILVIVYLE OGO OV VGVInN0wL Y
o g b o o Jrumfien s e ot i o s oy o i b e e o L s Pt o o o T P B
LRt A Lo U Lo sl Ll da Tt Ea L L s L T L T L Y L L T S A L R ot

B-75

{CONTINUED)

AR0003924



{CONTIRUED)

TABLE 22,

(MG/1:)

FFLUENT CONCFLHYRATINN
pODS

E

FLOW (HGDY

TR T TRC

TSS

2000

1980

CCCCC O CCC T CC T Lo OO COCCCCcC U oCcCCcOoCCccocormcoce
e ep el vj ol ol afisafel ol alsiafal sty of afall ol oloBel of adetdl el e el el A¥ et o Lot o R Lol el vl
..I.."II.‘.....C......I.--'ll....l........

I CC Y CC N O C C N N N CC OO rcCCnNrrcc
UL S L A N T B L I B T B I B B I N I R T R B R R T R T T S,
ml.r“ctcxccu'Lr'cx:atr:.r':o:uu‘a:u‘-u‘u‘ccc:::u‘crcx.o:acx:m:.r‘l:‘cct:t:u:u‘u‘u‘a.(rczl.r‘m

T N e v o e W e il i it e ] =y Y WA o A min vt £ Yy e e oy A v ot e et

U oNCoCNNCOINNCCINMINNNCCCRCOCC OrunnOuncC oninne O C G Uy

....I..I.‘.l..-..-........'.-....."-.’l’-’.“-.
-—-—lu’.o-o:zx.\---—n::ccc-—-—-:Dca-am—«w-—-c:cr.c:wmu.mmm—--«ﬂccocco:-u-u-ux.mm.—-.-

(el el olalol el el el afsfelolofuf el ofetal ol olal oo lal ol ol el o fal el e Lo ] ol of T ol w)

0.II......I.......-.-...l........-..'l.....

NrCnConNN—CUNCCINNUNN-C OOINC CC Ot ONCGC N o oC LI W

IO MM et N T et VI e MUV TU 0 0 et wasd ot PYYAL A7) 17 o ek b £ 1) 7Y et ey
o~ - o~

0...t.....l.......----.'.--......--l.t-'s...
rOCnNoOCnn-O S NCoNNNIN - CC oSN OC OO CNNnNCNC o Ny oo onw
i . Lal

NSO OW LT OOLEMNT NI C MNNONNCC NN = T O O 00 NN OO
L A R A I R R R R I T i T T
— N (o]

NNCNCCOoONMINCCONNCOCYCOMMOCCINC IO v {IC U LU — U € e

O OMOMOONGIIEW e NMMO - CC O OO OVE— DAL I~ C 00 C MU R (NG OO

AL A R I N A T i
o~

>4 DmOm - gl PP DD e o4 DD -
TIC EXESIXZXITIZE CDELOCOOAIATIETIIZTEDX FEEE SO E
Sl e e M) U () o L3 B el (o o T o [ o L L o ot a5 ol ok Tpd [ T o o e 1)
L) gafats Jidatnlidadotal.fided: Jodnf atal Jofnfafabaled ool daals T e d oy oyl T

-z = == ===
ooCcww
CoLRULCCUUCOUUO-CCCUCCCULLULOGOURLUCCoOUUCOD
ST ELL T LT TWa' T YT T T G D e e e LT X R e b s T T b o T 1L
AAMALUAANIUIRA AL GALO UL MO ALAVAVVAAA VG LLD

=
TeEZE —=a i o= — e Az

= ==

LWy i v wrnwyy we v a v w2
Gl hs = b Gl Ll [ (¢H Gl
P D Dt e o~ D D DADNDN DO P o El

oOFAAOALCAOOAAACANCACALMAARACANO.TERO0 OO0

TR L OO TN - DM T = M N UL (N O O P eI v T N TP
MO OMNE O O O C o OO N M e S M et WD P e OO C O

[sa%s 4 ] I <« O ZETanas W A0, AEHSFUNEW BHsL
Sl A E A0 qeCESEH UEOIM .2 O ST HOo =3 u

28 Ll LExHu~E I X a =m SOLEEY Qo I i)
oL xOCCOD-WE O ILeacs (L SOHOE U
SSU I Q2B 2 Z D O OU.S >aEocoabn Tkl o
ITapzCcC e %) EEIILYQUEZET . - ECZEE LY Qs IT
O A Um0 JUC SRS S B =L LAV URE OV G
Eotalll 21 -4 LT TU TSI XMl LU S = OO, Qe £,1 ZaeOu
LLIC ] UWERREZLNE0 NEAdIERHEREIRY 2o aTaoLltcUes
SLEZ R VWKNCE N T FRZRHINEZ R SOl MERZEVZe
et P LD L A T E PG UL B DO Ll VD S e (e B M L o ) LZ 20,
HAZ R T L et bt e 3 G SO 5 I Y o oS by T 5 ELUZ2XXa-Z0,
e FOEEEHECE X VO LA MODEE L= 2O b
QT 2 e bl ) o o o Lo Ll bl (2 0 = GO T e b e e b 4 O O L [ O 2 23 s O U T T
IOl i S Y S YN r S e 2 2 SOA AL N UIAY

R I R P R T P R R P N B T R AR P T R R T r R T R 2T
e e e e e e e e e e N e s . . s g e e P i e e e e e
LTI L I L L L S T I I L L I I Ny L I I T I I Y T I r T T T T TT
SO S S S D D D D S D D L S S PO S D S D D o DD DD DD DS DS oo
CCCOCCCCUCCUCCCOCOCOCCCCCO0CCCCOCCCoCCCCaOoCOCo
LGl AL GG iiv B gyl nit iy vun ne e v n a o vy
. S L D D D D S D D S S D D D S S S D D S S D D D D e D D D S S o DD DS D
NRUHROQUIAONUSUINNGBULBNOUNnunOnnennnmunsoicnGunnnnne e

B-76

(CONT INUED)

ARO0003925



TABLE 22.

(CONTINUED)

EFFLUENT CONCENTRATION (MG/1)

FLOWw (¥GD)

T8S8 TP T TRC

NS

| s
a

2000

1980

npCR

NPDES
NUMBER STATE POLICY TREAT,

FACILTTY NAME

cococCcCcCcToo
COSCoCoOT

a0
00

7
i
P
2
2
?
2

CNON OO NSNS

FCCWCrrcay Cwec
L I I I T A T T I B
[= R TalTa¥- I Vol of s ST g adl s SR T ot~ AR ooy ¥ g]
e, et et e D v vt OV e

CHnC nNC Cin ooy

LI IR I

I vt e (T o 0 2 v ON L = O T e

CSOoOQIooCoOoONGCO

« ® & P B B B S 4 & @

AT = NN DM e D]
o~

& 4 & 9 & & & & F 2 F R & a

ST CUNCOOINoWINeIN

Ll ol ot T e TAa T oV atl s ol okl o)
i -

CONNCCACNETCO
* & B oE S & & S & BT
SN NS M OO

- TN 4

MNoOCcCorCexCcdhow
LALLM~ COMN
# w & w & & & T & F " &>
SCNLCANMNNO IO OLCOD

<t

- - D= o~ o
XTXaETXO=Z XxIo
LG OA) P~ S O G e P
cxxcmccxzc*cmm
= - EE <= I
DO ONCCWwETTNOEZ W
UCCUCUUCHUCUPD
£ Shacie o Firte o ol Fhjm i 4 3¢ Kol G C 3] 4 0 &
VA aomtanvanran.

Wi

E
YES
YES

B S o L o e T X o Y ST L T o
Zanspapnpaapooogto

— - oW -~ r-m
OOV NS T NOWL
NN OO~
O DAL T I C MO
CNONON O DN OO DN O DN OV ONCN

fus BT o M « I ZC
Qi =X (LW ]

Ry LA, = W
== HoFOZ oo

Abhrrexon -
FLWLIEITX =0
FXEMEEZZCC VUtmu
pCL A ) = Qi v B
e g CZz2ECI
oo srazE
EZoOAQ2 201 Ll
TR OCO S HOE X
COor2«ai3 . o.gdo
[y S Vo Weanilor gt i G- Y VN C3EE ST Y
VVIWNBEEREZER I

PP PERE2T 2P 2 EZX
oL WL e T L oY o], ] o o o o o ]
ITXIXLIXIIITITILIXIT
e e s e e o et el
oCoCOCCoCCCCCCo
Vs vy
EEEDTEDDEDIDZD
wurnmonumuLwwnmey

TCFW?PCGHWﬂCC?WWEC¢G¢b
ﬁmPCCﬂCG@HGWCNENPG£Fﬁo
LI R I I T R . I T Y B TR U I I Y

v e PNt (N O T L T e WU N O N

°C¢E¢UVCVVUWWTCVUCUC¢
L N L L I O T I I B ) .p
cccamecmbmzcuaniawumh@

wm@cmccccccmmcomcmom¢m

L N I I I L I I R L I

ho bl Tl ahoal obFe v Wrau vl o dit of v ol nu B aRV ol e of S lle oF AV ot o

-—

CLESCNCTOU O oNCOCOOXT T Ce
4 @ 8 & % 8 % 8 B 4 4 5 & s m s s a8 T,
mmwgowoc¢ucmmccmcromoo
MMM A I P T Y e M e

—

L T 2 N R R T I I T T YR

umCOmMCPWGOQmCthMCﬂmo

— M Mt U U N my
~— —

COQoCUMMONMC OO —MCOn
LI I I I B L I L D DR D D N B NN RN R BN LB
TOUNCIACONC mMMI— COD—OC OO N
i Oh -y ™~ -t

—
OCCNOCNNCI~-COOrOmat~OW
WAL N T v M Q = D N T O = (N O
T I S S A L T

- OMNC OO~ CONOT

[+ o [ad]
—

S T
TOCXEXIEODN (O OO
L e e O e . S g e A L
oo CCoanr oY oo X e g

TEEEZECEIER TATILTIZ =
wa::ccocoowczcazo-cwc%
CULCLUUDUUUCURLUUNUDUC LS
T il Bl e il W T L 2 L D W b I L
QNN LWL WL U LA LA U

vl 78] 1a] w) [ 7200 Fu] vl
B8 @ 2O o8 @E |

o e o B o e
laf nfaYalalafatalalalatelafatalat el afafata} og
L IS EENNIIIETIESEISLT S

MU e Ot vt IO L W v M e U N e

AL v W SN0 CCAD D N vl O € 0 0 DT
U D=L MNMLC OO O meee—~-o D
Hﬁﬁﬂ”¢CHﬂMﬁﬂcﬂﬁﬂC#cﬂm£
CNOVONEN O ONENY ONONONONOV O OO TN CR 00N

LW aR L) U
el iAW O - o ==
LU= SEITOU SPREOe
BE O FED O UES O A
=0 = LV = O
X ok ool EthCEH3MNZ3
LYW EE.S C DO ST E

o Ukl MO WL Uiy
Eor O >0 GO L

F
n
R
M
W
p
!
RK
8
n
oM
T
R
8
VI
F
G
N

O COoOQDUEZT OGO o
el I e
WZUCCCKLZXOCUW>0 oo
CeararIXOQOCETCL<a o
MU UUORL T as.o o

dafcoatAonNenaandandncc.
ol oL o] ol ) o] ] o L o oL o o o Y oL T L
[T Loalialintop R adiaLiad PR ik tadiaReaLoad PalinR ianipRiadis)]
it de b bt o o S e Qo G e B L a2 Do e e [
Iy r I TIIIT I I T I I L.
LuouuuocoLiouucuuQpoCu

SO
P WOODLAME BEACH

SAP NORTHEAST

EEEEFEFEZEZIEESEZTZEETEZEEZEZ

R-77

(CONTINUED)

ARO0003926



(CONTINUED)

TABLE 22,

FEFLURMT CONCENTRATIAN (MG/

FLOW (MGR)

RCDS TSS ™ TH R

2000

1980

npCA

NUMBER STATE POLICY TREAT,

NPRFES

FACILITY NAME

=
2l
L=y

* s & 9

INONINGS

C e

4 & 9w

NG oo
Ll f X o

Cuwnow

« >0

W

oCcoo
*« & &
cnoa
MmN

* B & @
CInNoor
M=oy

NG o
.- & .2
—— L

—

WVIN v
N S
- = L

co Co

e
Xoreo
= 7=
=ZUVCE
— OO
[rgw R0 24
anwa,

S b N
xopr
Coo0o
e D e

B-78

ARO0003927



SECTION 8

ALTERNATIVE NUTRIENT REMOVAL TECHNOLOGY (BIOLOGICAL)

Biological phosphorus removal provides an alternative to chemical
treatment methods. It can be developed in activated sludge systems by
cyclically subjecting the mixed liquor to anerobic (lack of nitrate,
nitrite, or oxygen) and aerobic (presence of oxygen) conditions. Although
factors affecting biological phosphorus removal are not completely
understood (i.e., biological phosphorus removal mechanisms), effluent
concentrations of 1 to 2 mg L~! phosphorus are obtainable. None of the
three blological phosphorus proprietary processes described below are
generically classified as Innovative/Alternative processes by the U.S.
EPA. Due to significant engineering costs, biological phosphorus removal
is not recommended for plants discharging less than 5.0 MGD.

THE ANEROBIC/OXIC SYSTEM

The Anerodbic/Oxic System relies on the concept of luxury phosphorus
uptake by which certain sewage organisms are induced to store large amounts
of polyphosphate. By wasting a portion of the organisms, phosphorus is
removed from the wastewater. Any activated sludge process can be modified
to incorporate the Anerobic/Oxic process. The process is relatively new,
but operation of pilot plants in Allentown, Pennsylvania: Rochester, New
York: and Largo, Florida have beaen very successful. Currently, a pilot
plant is scheduled to go into operation in July 1982 at the Patapsco
wastewater treatment plant. The Cox Creek POTW and several facilities
administered by the Washington Suburban Sanitary Commission are also
considering the Anerobic/Oxic process. In addition to phosphorus removal,
the Anerobic/Oxic process can accomplish biological denitrification.

PHOSTRIP

"Phostrip” is a combined biological~chemical precipitation process
based on the use of activated sludge micro—organisms to transfer phosphorus
from incoming wastewater to a small concentrated sub-stream for removal by
chemical precipitation. The chemical-phosphorus reaction is pll dependent
rather than stoichiometric. Therefore, the quantity of the chemical (lime)
required is related more to the quantity of liquid treated than to the
quantity of phosphorus contained in the liquid. Phostrip is a relatively
nev developement in municipal wastewater treatment. large scale
evaluations conducted at Seneca Falls, New York; and Reno/Sparks, Nevada
have been favorable. Phostrip offers a dramatic saving 1n coperating costs
as a result of the reduced chemical requirement and sludge disposal costs.

BARDENPIIO

The Bardenpho Process is an activated sludge process designed to
accomplish both biological nitrogen and phosphorus removal. Phosphorus is
removed from the system in the waste sludge, yielding effluent phosphorus
concentrations of 1 to 2 mg L-1, The process was developed in South
Africa in the early 1970's and is currently employed at plants in Palmetto,
Florida and Kelowna, British Columbia, Canada.
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SECTION 9

ESTIMATED COSTS AND PERCENT CHANGES IN NUTRIENT LOADS FOR
DIFFERENT MANAGEMENT STRATEGIES

Tables 23 through 30 provide detailed information on nutrient reduction
costs for management strategies applied to existing (1980) and future
(2000) nutrient loads. Table numbers followed by the letter "a" address

existing loads, and table numbers followed by "b" address future loads.
For each strategy tested, the tables provide information on the estimated
percent change in nutrient lcads; the capital, 0 & M, and present-value
costs; the present—value cost to remove one pound of nutrient; and the
estimated monthly inereases in household costs pursuant to implementation

of the strategy.
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SECTION 10

DETAILED POINT AND NONPOINT SOURCE NUTRIENT LOADS

In additior to summarizin
main text, Tables 31 through
nutrient load comes from abov
attributable specifically to
Actual streamflow volumes (1
Bay watershed model during di

g information presented in Tables 5 and 6 of
38 indicate what percent of the basin's total
e or below the fall line and the petcent
industrial and municipal point sources.
nches) that were simulated by the Chesapeake

B-97

fferent rainfall conditions are also bresented.
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TABLE 31. POINT AND WONPOINT SOURCE NUTRIENT LOADS FOR THE SUSGUEHANNA
RIVER BASIN

A. PHOSPHORUS

1.  Pounds (March through October) and Percentage of Total Load from Above
and Below the Fall Line.

Above the Fall Line Below the Fall Line TOTAL

Rainfall# Pounds % of Total - Pounds % of Total
Dry 2,070,000 100 0 g 2,070,000
Average 2,900,000 100 0 0 2,900,000
Wet 6,300,000 100 0 0 6,300,000
2. Percentage from Point and Nonpoint Sources.
Above the Fall Line Below the Fall Line ) TOTAL
Rainfall P3 NPS PS NPS PS NPS

M I I C 0 C+0 M I WwI C 0 CH+H0 M I MI ¢ 0 GO

Dry 17 7 24 - - - 0 0 17 724 - - =
Average 16 7 23 60 17 77 0 0 16 723 6017 77
Vet 8 4 12 77 11 88 0 0 8 4 12 77 11 88

B. NITROGEN

1. Pounds (March through October) and Percentage of Total Load from Above
and Below the Fall Line.

Above the Fall Line Below the Fall Line TOTAL
Rainfall Pounds % of Total Pounds Z of Total
Dry 47,300,000 100 0 ") 47,300,000
Average 58,200,000 100 0 0 58,200,000
Wet 105,000,000 100 0 0 105,000,000

2. Percentage from Point and Nonpoint Sources.

Above the Fall Line Below the Fall Line TOTAL

Rainfall PS NPS PS NPS PS NPS

M I MI C 0 C+0 M I MI C 0 C+0 M I ML C 0 C+0
Dry 9 110 - - 90 0 0 g 116 - - 90
Average 9 110 85 5 90 0 0 9 110 85> 5 90
‘Het 5 1 5 91 4 95 0 0 5 1 5 91 4 95

LEGEND
PS8 -~ Point Sources NPS ~ Nonpoint sources
M -~ POTW or municipal wastewater C - Cropland
I - Industrial 0 - Other

*Simulated streamflow volumes (inches): March-October.
Susquehanna: Dry, 8.7; Average, 11.7; Wet, 17.7.
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TABLE 32. POINT AND NONPOINT SOURCE NUTRIENT LOADS FOR THE

WEST CHESAPEAKE BASIN

M - POTW or municipal wastewater
I - Industrial

*Simulated streamflow volumes~(inéhes): Héfch—October.
West Chesapeake: Dry, 2.6; Average, 6.9; Wet, 15.7.

" §-99

A. PHQOSPHORUS
i. Pounds (March through Oetober) and Percentage of Total Load from Above
and Below the Fall Line.
Above the Fall Line Below the Fall Line TOTAL
Rainfall%* Pounds % of Total Pouunds % of Total
Dry 0 0 2,173,000 100 2,173,000
Average 0 0 2,391,000 100 2,391,000
Wet 0 0 3,045,000 100 3,045,000
2. Percentage from Point and Nonpoint Sources.
- Abeove the Fall Line Below the Fall Line TOTAL
‘Rainfall . P8 NPS PS NPS PS NPS
M I MI C 0 Cct+0 M I MI € 0 CH+H0 M I MI C 0 C+0
Dry .. 0 0 91 293 - - 7 9L 293 - - 7
Average 0 0 83 2 85 8 715 83 2 85 8 715
Wet 0 0 66 1 67 25 8 33 66 1 67 25 8 33
B. NITROGEN
1. Pounds (March through October) and Percentage of Total Load from Above
and Below the Fall Line.
Above the Fall Line Below the Fall Line TOTAL
Rainfall Pounds % of Total Pounds % of Total
Dry 0 0 13,594,000 100 13,594,000
Average 0 0 15,984,000 100 15,984,000
Wet 0 0 22,084,000 100 22,084,000
2. Percentage from Point and Nonpoint Sources.
Above the Fall Line Below the Fall Line TOTAL
Rainfall PS NPS PS NPS PS NPS
M I M1 ¢ 0 C#0 H I M C 0 C+H0 M I MI C 0 C+0
Dry 0 0 72 13 85 - -~ 15 72 13 85 - = 15
Average 0 .0 61 11 72 20 8 28 61 11 72 20 8 28
Wet -0 0 44 8 52 40 8 48 44 8 52 40 8 28
. LEGEND .
PS = Point Sources NPS ~ Nonpoint sources

C - Cropland
0 - Other
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TABLE 33,

POINT AND NONPOINT SOURCE NUTRIENT LOADS FOR THE EASTERN SHORE BASIN

A. PHOSPHORUS
1. Pounds (March through October) and Percentage of Total Load from Above
and Below the Fall Line.
Above the Fall Line Below the Fall Line TOTAL
Rainfall* Pounds % of Total Pounds % of Total
Bry 0 0 760,000 100 760,000
Average 0 0 833,000 100 833,000
Wet 0 0 2,117,000 100 2,117,000
2. Percentage from Point and Nonpeoint Sources.
Above the Fall Line Below the Fall Line TOTAL
Rainfall PS NPS PS5 NES PS NPS
‘ M I M-I C 0 C+0 M I MHI C 0 C+0 M I MI € O C30
Dry 0 0 34 10 44 - - 56 34 10 44 - - 56
Average 0 0 31 9 40 50 10 60 31 9 40 50 10 60
Wet 0 0 12 4 16 79 5 84 12 4 16 79 5 84
B. NRITROGEN
1. Pounds (March through October) and Percentage of Total Load from Above
and Below the Fall Line.
Above the Fall Line Below the Fall Line TOTAL
Rainfall Pounds Z of Total Pounds % of Total
Dry Q 0 7,191,000 100 7,191,000
Average 0 0 8,741,000 100 8,741,000
Wet 0 0 20,901,000 100 20,901,000
2. Percentage from Point and Nonpoint Sources.
Above the Fall Line . Below the Fall Line TOTAL
Rainfall Ps NPS PS NPS PS NPS
M I MI C 0 CH0 M I MI C 0 CH0 M I ML C 0 C30
Dry 0 0 10 3 13 - = 87 10 3 13 - - 87
Average o 0 8 210 83 7 90 8 2 10 83 7 90
Wet 0 0 3 1 4 92 4 96 3 01 4 92 4 96
LEGEND

PS - Point Sources
M - POTW or municipal wastewater
I - Industrial

*Simulated stream-flow volumes (lnches):
Eastern Shore:

B~100

NPS = Nonpolnt sources

C - Cropland
0 =~ Other

March-October.
Dry, 5.3; Average, 8.2; Wet, 15.4.
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TABLE 34.

POLNT AND NONPOINT SOURCE NUTRIENT LOADS FOR THE PATUXENT RLVER BASIN

A. PHOSPHORUS
1. Pounds (March through October) and Percentage of Total Load from Above
and Below the Fall Line.
Above the Fall Line Below the Fall Line TOTAL
Rainfall* Pounds % of Total Pounds % of Total
Dry 344,000 73 130,000 27 474,000
Average 328,000 69 150,000 31 478,000
Wet 383,000 57 286,000 43 669,000
2. Percentage from Point and Nonpoint Sources.
Above the Fall Line Below the Fall Line TOTAL
Rainfall BS NEPS PS5 NPS PS NPS
M I MI C 0O CH0 H I MI € 0 C+0 M I MI ¢ 0 C+0
Dry 88 4 92 - - 8 74 5 79 - - 21 83 5 88 - -
Average 86 4 90 7 310 65 4 69 19 12 31 79 4 83 10 7 17
Wet 73 376 19 5 24 34 2 36 51 13 64 56 2 58 33 9 42
B. NITROGEN
1. Pounds (March through October) and Percentage of Total Load from Above
and Below the Fall Line.
Above the Fall Line Below the Fall Line TOTAL
Rainfall Pounds % of Total Pounds X of Total
Dry 1,268,000 57 965,000 43 2,233,000
Average 1,118,000 45 1,313,000 55 2,493,000
Wet 1,780,000 39 2,813,000 61 4,593,000
2. Percentage from Point and Nonpoint Sources.
Above the Fall Line Below the Fall Line TOTAL
Rainfall Ps NPS PS NPS PS NPS
M I MI C 0 C¥0 M T MI C 0 C+0 M I M1 C O C+0
Dry 69 271 - = 29 47 1 48 - - 52 60 1 61 - - 39
Average 63 2 65 29 6 35 34 135 5510 65 48 1 49 43 8 51
Wet 40 1 41 53 6 59 1 1% 75 9 84 25 1 26 66 8 74
LEGEND

PS -~ Point Sources

M ~ POTW or muunicipal wastewater

I ~ Industrial

*¥Simulated streamflow volumes (inches):
Dry, 3.9; Average, 6.1; Wet, 16.2.

Patuxent:

NPS -VNonpoint gources

0 - Other

March-October.
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TABLE 35.

POINT AND NONPOINT SOURCE NUTRIENT LOADS FOR THE POTOMAC RIVER BASIN

M - POTHW or municipal wastewater
I - Industrial

*Simulated stream—flow volumes (inches):
Potomac: Dry, 5.1; Average, 6.3; Wet, 13.8.

B-102

A. PHOSPHORUS
1. Pounds (March through October) and Percentage of Total Load from Above
and Below the Fall Line.
Above the Fall Line Below the Fall Line TOTAL
Rainfall* Pounds % of Total Pounds Z of Total
Dry 717,000 27 1,940,000 73 2,657,000
Average 854,000 30 2,012,000 70 2,866,000
Wet 2,370,000 46 2,779,000 54 5,149,000
2. 'Percentage from Point and Nonpeint Sources.
Above the Fall Line Below the Fall Line TOTAL
Rainfall PS NPS PS NPS PS NP S
M I M C 0 C+o M I ™I € O C+0 M I I C 0O C+o0
Dry 21 6 27 - - 73 81 1 82 - = 18 62 5 67 33
Average 11 4 15 52 33 85 78 179 10 11 21 54 5 5% 23 18 41
Het 5 2 7 72 21 93 56 1 57 31 12 43 31 3 34 50 16 66
B. NITROGEN
1. Pounds (March through October) and Percentage of Total Load from Above
and Below the Fall Line.
Above the Fall Line Below the Fall Line TOTAL
Rainfall Pounds % of Total Pounds % of Total
Dry 13,800,000 44 17,807,000 56 31,607,000
Average 16,600,000 47 18,447,000 53 35,077,000
Wet 39,100,000 61 25,067,000 39 64,167,000
2. Percentage from Point and Nonpolint Sources.
Above the Fall Line Below the Fall Line TOTAL
. Rainfall -PS NPS PS5 NPS Ps NPS
M I MI C 0 cCi0 ¥ I MI C O C+0 M I I C 0O C+0
Dry 7 310 - - 90 76 177 - = 23 46 2 48 - - 52
Average 7 310 83 7 %0 73 174 17 9.26 42 2 44 48 8 56
Het 3 10 84 6 90 54 1 55 37 B 45 27 1 28 66 6 72
LEGEND
PS = Point Sources NPS -— Nonpoint sources

< - Cropland

0 - Other

March-October.
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TABLE 36.

POINT AND NONPOINT SOURCE NUTRIENT LOADS FOR THE RAPPAHANNOCK

RIVER BASIN
A. PHOSPHORUS
1. Pounds (March through October) and Percentage of Total Load from Above
and Below the Fall Line.
Above the Fall Line Below the Fall Line TOTAL
Rainfall® Pounds % of Total Pounds % of Total
Dry 107,000 47 119,000 53 226,000
Average 104,000 37 174,000 63 278,000
Het 285,000 37 486,000 63 771,000
2. Percentage from Point and Nonpoint Sources.
Above the Fall Line Below the Fall Line TOTAL
Rainfall P8 NPS PS NPS PS NPS
M I M1 C 0 ¢C+0 M I MI C 0 C+0 M I M-I C 0 C+0
Dry 73 27 1.0 - ~ 99 54 35 89 - - 11 30 17 47 - - 53
Average .73 .27 1,0 58 41 99 37 24 61 27 12 39 25 14 39 39 22 61
Wet .73 .27 1.0 73 24 99 13 9 22 69 9 78 9 5 l4 71 15 86
B. NITROGEN
1. Pounds (March through October) and Percentage of Total Load from Above
and Below the Fall Line.
Above the Fall Line Below the Fall Line TOTAL
Rainfall Pounds % of Total Pounds % of Total
Dry 1,530,000 71 615,000 29 2,145,000
Average 1,600,000 55 1,345,000 45 2,945,000
Het 3,710,000 45 4,505,000 55 8,215,000
2. Percentage from Point and Nompoint Sources.
Above the Fall Line Below the Fall Line TOTAL
Rainfall PS NPS PS NPS PS NPS
H T M1 C 0 o M I "MI "C 0 C+0 M I MWL C O C+0
Dry 10 0 10 - - 90 iz 2 37 63 12 3 17 83
Avaorage 10 0 10 72 18 80 16 117 73 10 83 9 4 13 72 15 87
Het 10 0 10 78 12 90 4 1 5 89 6 95 5 2 7 84 9 93
LEGEND

PS - Point Scurces
M - POTW or municipal wastewater
I - Industrial

#Simulated stream-flow volumes (incheé):
Rappahannock: Drxy, 3.l; Average, 5.0;

NPS ~ Nonpoint sources
C ~ Cropland
0 — Other

March-October.
Wet, 12.5.
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TABLE 37. POLNT AND NONPOINT SOURCE NUTRIENT LOADS FOR THE YORK RIVER BASIN

A. PHOSPHORUS

1. Pounds (March through October) and Percentage of Totral Load from Above
and Below the Fall Line.

Above the Fall Line Below the Fall Line TUTAL
Rainfall* Pounds % of Total Founds % of Total
Dry 66,500 44 85,000 56 151,000
Average 78,000 35 143,000 65 221,000
Wet 332,000 44 457,000 56 759,000

2. Percentage from Point and Nonpoint Sources.

Above the Fall Line Below the Fall Line TOTAL
Rainfall P3 NPS PS NPS PS NPS

M I I C 0 CH M I M1 C 0 CHo M I ML € O C+0
Dry 7 0 7 - - 93 25 59 B4 16 24 26 50 50
Average 7 0 7 74 19 93 15 35 50 40 10 SO 17 18 35 59 6 65
Wet 2 0 2 86 12 98 5 11 16 68 8 84 5 510 76 14 90
B. NITROGEN

1. Pounds (March through October) and Percentage of Total Load from Above

and Below the Fall Line.

Above the Fall Line Below the Fall Line TOTAL
Rainfall Pounds % of Total Pounds %z of Total
Dry. 693,000 50 693,000 50 1,386,000
Average 816,000 35 1,513,000 65 . 2,329,000

Wet 2,720,000 35 4,963,000 65 7,683,000

2. Percentage from Point and Nonpoint Sources.

Above the Fall Line Below the Fall Line TOTAL
Rainfall PS5 NP5 PS NPS PS NPS
M I WL ¢ 0 C+H0 M I I € 0 CHt0 M I MI C 0O C+0
Dry 10 0 10 - - 90 8 26 34 - = &6 10 12 22 - - 78
Average 10 O 10 78 12 90 3 12 15 76 9 85 6 713 77 10 87
Wet 10 0 10 82 8 90 1 4 5 90 5 95 3 4 7 B7 6 93
LEGEND
PS5 - Point Sources NPS - Nonpoint sources
M ~ POTW or municipal wastewater C — Cropland
I - Industrial 0 - Other

*Simulated stream~flow volumes {inches): HMarch-October.
York: . Dry, 4.4; Average, 5.4; Wet, 13.2.
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TABLE 38. POINT AND NONPOINT SOURCE NUTRIENT LOADS FOR THE JAMES RIVER BASIN

A. PHOSPHORUS

1. Pounds (March through October) and Percentage of Total Load from Above
and Below the Fall Line.

Above the Fall Line Below the Fall Line TOTAL
Rainfall* Pounds % of Total Pounds Z of Total
Dry 657,000 18 2,915,000 82 3,572,000
Average 768,000 20 3,023,000 80 3,791,000
HWet 1,517,000 31 3,453,000 69 4,970,000
2. Percentage from Point and Nonpoint Sources.
Above the Fall Line Below the Fall Line TOTAL

Rainfall PS5 NPS PS NPS PS . NPS

M I MI C 0 C+0 M I w1 C O C+0 M I M-I C 0 C+0
Dry 39 6 45 - - 55 81 15 96 - = 4 72 14 86 - - 14
Average 31 5 36 46 18 64 78 15 93 3 4 7 68 13 81 12 7 19
Het 18 3 21 63 16 79 68 13 81 14 5 19 53 10 63 29 8 37
B. NITROGEN
1. Pounds (March through October) and Percentage of Total Load from Above
and Below the Fall Line.
Above the Fall Line Below the Fall Line TOTAL
Rainfall Pounds % of Total Pounds % of Total
Dry 3,872,000 22 13,799,000 78 17,671,000
Average 5,076,000 25 15,429,000 75 20,505,000
Wet 11,070,000 36 19,609,000 64 30,679,000
2. Percentage from Point and Nonpoint Sources.
Above the Fall Line Below the Fall Line TOTAL

Rainfall PS NPS PS NPS PS NPS

M I MI C O C4+0 M I MI C 0 C+0 M I ML C O C+0
Dry 2 110 - = 90 65 23 88 - - 12 53 18 71 - - 2%
Average 9 1 9 73 18 91 58 21 79 15 6 21 46 16 62 29 9 38
Wet 8§ 1 8 78 14 92 46 16 62 32 6 38 32 11 43 49 8 57
LEGEND

NPS ~ Nonpolnt sources
C - Cropland
0 - Other

PS - Point Sources
M - POTW or municipal wastewater
1 - Industrial

*S5imulated streamflow volumes (inches): March-October.

James: Dry, 5.6; Average, 7.4; Wet, 13.6.
Appatomox: Dry, 3.3; Average, 4.2; Wet, 10.3.

B-105

ARO0003954



SECTION 11
EXISTING, DESIGN, AND PROJECTED MUNICIPAL WASTEWATER FLOW

Point source effluent Strategiles were applied only to those POTWs wirh
flows greater than 1 MGD. To provide a better feel for the number of
facilities and the volume of waste water subject or not subject to these
strategles, Table 39 through Table 46 present flow information in terms of
POTWs with flows greater than or less than 1 MGD. Future and design flows
are also included. In addition, existing (1980) flow-weighted mean
effluent of total nitrogen and total phosphorus concentrations and the
average size of the facility within each basin are also presented in these
‘tables.
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SECTION 12
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AGRICULTURAL ACTIVITIES REPORT

PREFACE

The Chesapeake Bay drainage basin covers 64,000 square miles.
Agricultural activities vary greatly over an area this large, making the
deseription of land use and the assessment of conservation needs a complex
task. The Chesapeake Bay Program reviewed available literature and found
no consistent accounting of agricultural activities that was both detailed
enough to apply to a particular river basin and broad enough to cover the
Maryland/Pennsylvania/virginia repion of the watershed. The Chesapeake Bay
Program enlisted the help of the U.S. Department of Agriculture's Soil
Conservation Service to collect information from Soil Conservation
Districts on the agricultural activities and conservation needs of farmland
in the Chesapeake Bay watershed. The Program needed this funformation for a
number of purposes.

The main purpose of this project was to learn how the types of crops
grown, tillage and conservation practices used, and the amounts of
fertilizer, herbicides, and pesticides applied, varied across each river
basin. 7This information was needed to refine the agricultural-runoff
component of the Chesapeake Bay Propram's Bay-wide computerized watershed
model that simulates nutrient loadings to the Bay from upland point and
nonpoint sources.

The second purpose of this effort was to provide information on a) what
the agricultural community perceives to be the soil conservation needs in
each area of the Bay watershed, b) what types of conservation farming
practices would address these needs and what would be the cost, c) what are
the trends in land-use conversions, types of crops grown, tillage
practices, etc., and d) what the community believes are the major obstacles
to achieving a greater degree of conservation. Answers to all these
questions were needed to develop balanced management strategies designed to
reduce point and nonpoint pollution in problem areas of the Bay.

All of these data were collected by worksheets sent out by the Soil
Conservation Service to each of {ts soil conservation district field
offices —— 35 Pennsylvania districts and 24 Maryland districts —- that lie
within the Chesapeake Bay watershed (unfortunately, Virginia districts
could not be included in the survey). The “District Worksheet" (Attachment
C) was designed by a group comprised of members representing the following
agencies:

o Chesapeake Bay Program

o Soil Conservation Service (Maryland, Pennsylvania, and Virginia
branches)

o U.S5. Department of Agriculture's Agricultural Stabilization and

Conservation Service (Maryland branch)

o Maryland State So0il Conservation Committee
©  DUniversity of Maryland Cooperative Extension Service
c-v
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o Maryland Department of Agriculture

o The Kent and Howard County, Maryland Soil Conservation Districts

To assist the Chesapeake Bay Program in interpreting the worksheet
returns and to write a report summarizing the findings, the Soil
Conservation Service entered into an interagency agreement with the
Chesapeake Bay Program. The tasks in the agreement included a)
administering the survey, b) providing responses to the Chesapeake Bay
Program to summarize by sub-watershed, and c¢) writing a report that:

o) summarized the agriculturzal activities, trends, and conservation
needs from the worksheets (Section 2)

0 described techmical soil-erosion control alternatives that are
representative of available conservation practices in terms of
reducing soil loss and agricultural pollutant loadings (Section
4), and

o] assessed administrative policy alternatives designed to increase
soil conservation on farmland (Section 5).

The following is a compilation of the separate reports submitted by the
Maryland and Pennsylvania Soil Conservation Services (USDA 1982a, USDA 1982b).

c-vi
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SUMMARY OF AGRICULTURAL ACTIVITIES IN
MARYLAND AND PENNSYLVANIA

QVERVIEW QF SOIL EROSION

Loss of soil can be attributed to natural as well as human factors. As
the cost of production increases, farmers till as much of their land as
possible. Some of this land is of marginal gquality, posing erosion
hazards. Poor land use, a lack of conservation practices, and soil
limitations contribute to erosion. Poor farming practices and erosion
continue due to lack of adequate financial assistance, economic incentives
for practicing conservation, and a knowledge of the benefits of proper land
management .

Average annuzl soil losses throughout the Chesapeake Bay Basin are in
the range of 6 to B tons/acre/year for most crops. Notable exceptions to
this are tobacco and truck crops where the losses can range from 20 to 25
tons/ac/yr. The tolerable soil losses in the basin range from 1 to 5
tons/ac/yr with the vast majority of the soils in the 3 to 4 tons/ac/yr
range.

The title of the soil loss equation is a misnomer because in reality it
is a s0il movement equation. It Is not an equation to predict the amount
of soll that leaves a field or how much of that soil is delivered to a
waterway, stream, river, or the Bay. It is a measure of the soil that is
moved within a field and what effect that movement will have on the
productive capacity of that field or part of the field. Tolerable soil
loss 1s defined as the amount of so0il that can be lost and still maintain
the productive capacity of agricultural land for sustained use. The soil
forming factors of climate, topography, organic matter, and parent
material, all acting together through time, will develop soils at this rate
and, therefore, productivity will be maintained.

The amount of sediment delivered to streams, rivers, and the Bay is
different from soil loss. Although dependent on the soil loss yields from
fields, sediment delivery yield is also dependent on watershed size,
proximity to watercourses, topography, and soil particle size.

Maryland

Cropland and pasture land in the Maryland portion of the Chesapeake Bay
basin were 24.0 percent (1,425,000 acres) and 6.4 percent (380,000 acres),
respectively, based on the 1978 Census of Agriculture. Soil loss from
cultivated cropland is occurring in Maryland at an average annual rate of 7
tons/ac/yr (SCS 1977). Erosion results in sediment dawmage to adjacent land
and waterways and to Chesapeake Bay. As a result of this depletion of soil
resources, the productivity of agricultural land is reduced. According to
the estimates of the U.S. Department of Agriculture's (USPA) 1977 National
Resources Inventory, erosion is a primary threat on approximately 1.1
million acres of Maryland crop and pasture land. The problem of wind
erosion also effects 39,000 productive acres.
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Pennsylvania

There are approximately 13 million acres or 20,800 square miles of
drainage area located within Pennsylvania in the Susquehanna River Basin
portion of Chesapeake Bay. The land use is 61 percent woodland, 23 pe}cent
cropland, 5 percent pastureland, and 11 percent urban and other land.

Although cropland is about one-fourth of the total acreage, it accounts
for over two-thirds of the soil loss. Soil movement by sheet and rill
erosion from farmland and woodland is estimated at 31 million tons of soil
annually within the Susquebanna River Basin of Peansylvania. Of this
total, 21 million tons of soil are eroded from cropland at an average loss
of 7.4 tonsfac/yr; 5 willion tons from pastureland and other lands at an
average loss of 2.4 tons/ac/yr; and 5 nillion tons from woodland at an
average loss of 0.6 tons/ac/yr.

The soil loss from cropland in the Susquehanna River Basin is 34
percent higher than the entire Pennsylvania state average of 5.5 tonsfac/yr
for cropland. The reason for this increase within the Susquehanna River
Basin is the concentrated acreage of intensely cultivated cropland in the
sub-basin downstream from Harrisburg. The maximum allowable soll loss
("T") on typical Pennsylvania soils {s 3 to 4 tons/ac/yr. The annual soil
loss from pastureland and woodland are at or below the state averages of
2.6 and 1.0 tons per acre, respectively.

OVERVIEW OF AGRICULTURAL TRENDS

Agriculture in the basin lias changed from a labor-inteusive to a
capital-intensive activity. The change has resulted in an increase in the
size of individual farms. Additional land was not available for expansion,
so smaller farm operations.were absorbed into other units. The result is a
decrease in the number of farming units in the basin. The farm numbers
have been steadily decreasing since reaching the peak early in this
century. For example, the number of farms in Pennsylvania is less than
one-half the total in 1954, according to the Pennsylvania Analytical
Summary, USDA 1877. Although the rate of decline has slowed, pro jections
to the year 2020 are that the number of farms will continue to decrease to
about one-half the present number.

As the number of farms has decreased, the average size of farms has
increased about two~-fold. The trend toward larger size farms will continue
in the future. The rate of increase in average farm size will not be as
rapid, however, as in the past. The opportunities for of f-farm jobs is
significantly affecting the number of farms being used as only rural
residences.

Basio—wide, fewer conservation practices are applied to leased land
because operators cannot recover their investment with short-term leases.
The amount of farmland leased will increase as the number of farms continue
to decrease and farm units increase. This poses a major comservatrion
threat, as less conservation is applied on leased land than owned land.

Like farm numbers, the total land area committed to farming has
declined. This 1s largely due to the coutinual coumversion of farmland to
urban or non-farm uses. This decrease 1s primarily in the cropland
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acreage. In Pennsylvania, over 52,000 acres and, in Maryland, over 62,000
acres of cropland are irretrievably lost annually to non-agricultural uses
such as residential, commercial, industrial, and trausportation.

Unfortunately, the land that is best suited for agriculture is also the
land best suited for these other uses. Agriculture is often forced to less
dasirable, fragile land, which is less suited to cropping and, when farmed,
requires more energy and causes greater threats to conservation. Thus,
programs aimed at preserving prime agricultural land, in effect, reduce the
potential for imcreased agricultural runoff pollution.

Over the past 10 years, intensified cropping systems, such as double
cropping of corn, small grain, soybeans, and the use of cover crops, have
become more common and are expected to increase as agricultural land is
converted to non—farm purposes. TJIncreases in the use of these systems will
be for economic reasons. For example, the profit margin is greater when
the double cropping system is used because there is the opportunity for a
third crop in two years. An additional economlc advantage of double-
cropping is that risks are spread over a number of crops. Double~cropping
systems using tomatoes, cabbage, and potatoes are increasing. Cover crops
are another example of an Intensified cropplng system which is used for
econonic reasons. Cover crops take up fertilizers in the winter which are
then recycled in the following season as the crops decay, resulting in more
cfficient fertilizer usage. This system alse controls runoff of
fertilizers and sediment.

Fortunately, conservation tillage is expected to gain widespread
acceptance as the preferred tillage on about 60 percent of Pennsylvania
cropland, and 80 percent of Maryland cropland by the year 2000.
Conservation tillapge is a practice where the crop is planted directly into
the ground with either minimal or no disturbance to the soil surface with
2,000 pounds of residue left on the soil sarface. These practices are
called minimum till and no-till respectively. The present extent of
conservation tillage at the sub-basin level is shown in Table 1. These
estimates were developed from district worksheet responses of tillage
practices associated with major cropping systems; they are considered
accurate plus or minus 10 percent.

There are three reasons that explain why conservation tillage will not
become any more widespread. This tillage system is not acceptable on
low-lying wet soils because the litter on the soil surface in the spring
retards the warming of the soil, slowing seed germination, which im turn,
reduces yields. With drainage practices, however, conservation tillage is
feasible in these areas. Lack of soil warmth for seed germinatlon without
conventional turning of the soil wmay alsc be a limiting factor in cooler
northern areas. A second reason is that in mountainous areas, part-time
farming and the need for farmers to own conventional equipment makes it
less feasible for farmers to purchase additional equipment. Third, in the
tobacco growing regions, the chemicals farmers need to practice
conservation tillage have not yet been developed; therefore, conventional
tillage is necessary for adequate weed control.

Conservation tillage is an excellent conservation practice, but it
alone cannot reduce soil losses to the tolerable limits. This fact is
obvious from the analysis of soil losses in the river basin summaries that

c-3
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TABLE 1. ESTIMATES OF TILLAGE PRACTICES IN THE MARYLAND AND PENNSYLVANIA
PORTION OF THE CHESAPEAKE BAY BASIN

Sub-basin
. %4 Conventional Tillage % Conservation Tillage
Susquehanna
Mouth to Harrisburg 20-30 70-80
Harrisburg to Sunbury 30 70
Juniata River Basin 50 50
West Branch 90 10
Above Sunbury 75 25

Potomac (Maryland Only)

North Branch 100 0
Harpers Ferry to

Little Falls 50 50
Below Little Falls 25-40 60-75"
Patuxent
Above Fail—line 25-35 65-75
Below Fall-line 30-40 60-70
West Chesapeake 65 33

Chester, Sassafras,
and Elk Rivers 20-30 70-80

Middle-Lower
Eastern Shore 30 70

follow., Farmers often believe it is the cure-all practice. This trend of
relying too heavily on conservation tillage alone will continue unless a
vigorous information campaign 1s launched. 1In addition to staff needed for
the information campaign, technical staff will be needed to service farmer
demands, and a source of funding will be needed to apply the additional
needed conservation practices.

Conservation practices such as strip-cropping, diversions, and
waterways will be applied to the land at approximately the same rate each
year as they are now in Maryland, but are expected to increase in '
Pennsylvania as more land is devoted to growing intensive row crops. The
installation of animal waste systems is anticipated to increase.

Tebacco production is presently in an uncertain state as problems of
mechanization, marketing, and price fluctuations affect the growth of the

industry. Tobacco has traditionally been a high cost labor intensive crop
to grow. 1In 1981, a2 number of machines were introduced that would
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mechanize harvesting the crop. Although these machines are presently in
their infancy, the changes are here.

The future of the tobacco industry in southern Maryland is difficult to
predict. Changes are happening rapidly after a long history of stability.
In the past, Maryland tobacco was one of the few tobacco crops in the
United States that was not under acreage allotments. Within the past few
Years, farmers in North Carolina have started to grow Maryland-Type 32
tobacco to the extent that in 1981 they grew one-third as much as
Maryland. Because their crop matures earlier, it is marketed earlier.
However, in 1982, the Federal goverpment required that Maryland-Type 32
tobacco acreage be counted against the allotments. It is difficult to
predict the effect this will have on the price Maryland farmers receive.
Price influences profits which influence the acreage planted,.

The only stabilizing factor in the tobacco industry within Pennsylvania
is that, traditionally, the Amish community has concentrated on growing
tobacce using family farm labor. Even so, tobacco cropland is anticipated
to decrease in the Pennsylvania sub-basin below Harrisburg.

In Maryland, it is expected that there will be a slight reduction in
the number of livestock; in Pennsylvania, however, the total number of
livestock is anticipated to remain constant or show slight increases.
Although